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SECE

OPrNO: 7
nAn: 23 MAR 1956

.M = W ,* ANA LYSIS OF C*Wa. AGOTB

Porton lemcrancim No.19 published in 1942 described the methods of
sam.ling and analysis of C.W. agents which were in use at that time6

With the iormal developments of time and particularly due to the advent
of the G gases. the emphasis in field experiments has changed oonsiderably and
P.M. 19 is now seriously out of date. The rumber of samples taken per trial
has been increased enormously, and sampling in miniature bubblers at 3 litre
• pe minute has been introdzoed. Many sampling devioes and methods of ar1ysis
have becime obsolete, and some of these have been replaced and others abandcned
because the cupmuns for which they were devised are no :cnger of pime
interest.

This manrandun has therefore been compiled to replaoe P.M. 29. It includes
all the methods which ae now in regular use and -also sane Which are used
infrequently. ' Others are inoluded beoausa of their suitability for use in'
isolated cases, although these have not been brought up to date (Jan. 1955),
and as a guide to the modernity of the method the date of the last use is
given in the heading.

The menczandum was compiled by D. Thcrp.

* (Sgd,) X. A. Porrei,
Chief Superintendent,

______________



SECTIC' I

TABULAR Emma

This is a brief summaryin tabular fowm of 'he preseiit (January 1955)
position of the methods of collecting the various samples, the analytical methods
employed and the sensitivity obtainable.

The sensitivity (as Ot. ) depends on both the analytical method and the
sampling techniqae, since the efficiency with which the sample is utilised in
the analytical method plays a vital part. Thus, if the volume of the aliquot
of sample used in the analysis is alreay at the maximum sxitable fo use in
the largest size of abscrpticmeter cell, and the only way of increasing the
size of" the sample entails a ocrrespanding increase in the volume of sampling
solventp there is no real advantage to be gained by incweasing the size of
the sample. Conversely, in same cases a change from a 10 litre/nin sampling
rate to a somplng rate bf I 1/min. wil redwe the sensitivity (Le4 inarease
the lowr Ltdlt moamirable by the method) by 10 timesp bmt in ohesr oases Whweo
when the flow rate is redced, the vokme' of sac ing solvent oan.aloo be ,edzoed,
this re&ctiam in sensitivity will not be so great.
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3- ME-'RAMU FR &AMHL~ GASES

()The Amiiature Bubb] (i lre/="n)

The mndiatuwe bubbler .oonsists of a glass tube about 6Y long apd 0.5" dlameter,
closed at the bottom and with a-bulb in the Oentre so that, the voume to a point
Just above the bulb is -25 ml0. and the tube'belay the bulb is about 2.,F long.
The bubbler is graduated at the, 25 ml mut and has a short side Am neer the tcp
to which the suotion is applied. The inlet to the bubbler cnsists of a glass
oapillary tube of 1.0 to 1.5 mm bore and 5,0 to 6.5 m diameter which is inserted
into the top of the bubbler by means of a rubber bung, and, terminates x" 'from
the bott.Q of the bubbler,

Each bubbler is zumbred individaally and permanentiy* The inlet tube
bearcs the same rimnber and when assembled normaly the bubbler is,,conneoted by

means of a U bend to a critical orifie which also carries this numbe (Fig.i),

The bubbler is usually charged with 2 ml of solvent and "ithas been shown
that when sampling at, 1 .itr/mi . no. droplets larger. than 3 z will pass, through
the bubbler. " The effUiency of absoptin in the bubbler is dependent; di the
volume of sampling solvept, the time of sampling, and- on the temperature, as
well as- ci the gas. sampled and the solvent used,

'The cmplete assembly of bubbler and oritical crifle is checked for flw
raein the laboratory before each tda (F g#2).

The bubblers are iaounted on metal frames, i hiat hpo replaoed the wooden
* boards used oxdginallr, either singly, in pairs,. cr in grouxps of3 or 4~ and

carried in s.cttedL boxes (Pgs. 3 and 4).

This assembly is, very ccawenient for fleld use, installatim and protectioa,
a single bubbler'being both sippcrted and otected by a.pieoe of angle ir-i,
whilst the suoticn leads are buried and the pImps and batteries 'oteOted by
being plaoed in shallow pits, or by sandbags (Figs. 5 and'6).

Ourrent drswings are an olw:

Bubbler CD. 5712{ U band S1685

Metal holder

single D. 5755d*Ibe UD.5756dbdla aO.57%.
triple CD 57

Bubbler proctt

When sompling in rain, cr 'wen it dis esired to exolude :Liuid droplets of
the, agent (e.g, when taking sequential samples and the bubblers in which the
later samples are to be collected are emplaeed before the weapcn is funotioned)
proteoatrs are reqAuir.

Much thought has been given to this plrOblam and several devioes have been
tested. These have included asupty artridge cases with slots out in the sides
to admit the air; ocaioal metal o 1p lopported by a wire which was bent rou cd
the bubbler stem, glass U bends,, et., nce, ef which was p cvetely :atiafaotcry,

-9-
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- With the glass U bendsp the air entered vertioally up ards, but it was found
that wher sampling was oarried cut in heavy rain the drop which oolleoted at
the end of the inlet was siked into the sample, It was than suggestd that
the glass should be treated with sioaaie to alter the surface tension, but in
the meantime polythene U bonds had been tried. and these hwme proved satisfAotOW7,
proided that the diameter is fairly wide (3/8 inch intermal) and the bubblers
are kept reascmably vertical so that the drops can fall off the and of the
Polyth ne, before being sucked into the sample.

The All-Glass Miniature Bubbler

A o lrtain amcunt of trouble has been experien6ed with the miniature
bubblirs, particularly when they are used to sampie low oonoentrations of G
gases, or for mustard gas. This was "fcun to be due to traes of rzubber from
the rubber bugs getting, into the sample either mschanioaDy, or by solvent
aotica, leading to ertatio resaltas

All-glass bubblers, in whibh the capillary inlet tube is fitted into the
bubbler by a groard glass Joint, have now been introduoed for these purposes
and are expected ko replace the bung bubblers generally,

Dawing CD. ~ )12

(2) The Dimple Disc Babb.

This bubbler has now been superseded by the miniature bubbler for many
purposes, but it. may still irce useftl when an inorease in the volume of
sampling liquid is required, and when the number of samples is not so great
that its use is precluded on the grounds of size (transport, eto.).

The dimple diso bubbler largely replaced the b ead'bubbler (see below) owing
to its much greater robustness and ease of washing cut.

The bubbler abnsists of'a glass cylinder 8" to 9" high and l%" diameter
with the whole of the 'walls up to 5" high dimp4ed tolve internal spines. and
therefcre an increased absorbing surfaoe. The inlet tube is sealed into the
top of the bubbler and runs inside the body to the bottem where it splays out
into a diso about " disaeter andS" from the bottom of.the bubbler, Abcnt I"
from the botton of this inlet tube there is a similar ciso to break up the
bubbles further. (Pig- 7)

The bubbler is charged with 20 ml of solvent and is normally used for
sampling at 10 litre~min Two bubblers -are carried in an alundium. orate and
13 crates in a wooden bca* (Fig. 8)

Drawing Ptn/160 (U8697)

(3) The Bead Bubbler

This bubbler, although fragile and difficult to wash. cut gives more efficient
absorption than the dimple bubbler (or the miniature bubbler), i.e. it has a
Muah lower "slip". It has therufore been retained for certain gases, e~g. aoe-ty-
lane,, *ich are diffoIult to absorb.

The bead bubbler is a glass oylipder 10" high i% M a ter divided into
halves by a oatriotim down to ." width (internal) and with the lower half
filled with 5/16" diam glass beads, The inlet tube " id oconneots to the
botom of the bubbler and is brghtup by suitable bends to a position Just
below the level of the nok (Fig# 9).

- 10-



This bahbbler ns charged with 10 to 20 ml of sampling solvent and can be

used at flw rates up to 10 litres/min h

Drawing CD*.5711I

(4) he igmre Sintered Di5 0 Bubbler,

* this ocraists of a glass cylinder 3"in diamter and 10" high with- an inlet
tube ~"diameter dcpvn the centre of the bubbler terminating in a fitted disc
about %t tfran the bottom of the bu~bbler and with a narow annular space around it,
A wide outlet tube and a-stoppered filling h~io are proyided.

Tmini i voluime of oan1ling solet, since the frit nmzt be ocari~lete Y
covered, is 60 ml and the bubbler is normally operated at sampling rates o
30 litres/m. and afer.

It has proved useful in cases where the sampling rate culd not be reduoed
below 30 itres/min4,, e g. in simulated breathing experiments. It has a very
mallstip.

-1"1

- 11 "



(b) TUM FM SOLI ABSCR13MT

The tube usually used is of plastic and tapered slightly, arf;r mately
2" by " outside dimsnsions, with a copper gauze closing cne end and with a
screwed collar of the same plastic material at the' other end. The tube is
filled with 5 oo of silica gel or 3 oo of oharcoalp which rests on the bottom
gauze and is held in position by a second gauze and:a light srling which is
retained by the sarewed collar. It is possible to incorporate a' dust filter
under the collar ,but siuh filter mst have a low floh-resistauoe, and a small
absorptive capacity for the agent under oc ideratidn (Fig. 10).

A plastic tube of a different shape to hold roughly the same amount of

gel, but with a shorter path length for the air being sampled has a lowerair resistance and has been considered for use in some oases, e.g, when
operated by human breathing.

The advantages of the tube sapler over the bubbler are portability (non-

spill), strength and lightness.

Solid absorbents have been used to sample mustard gas (to be-estimated by'
the noa-speoifio chloride method). Silioa gel was ueed in temperate climates,
but an activated charcoal filling was used in the tropios, since in the warm humid
atmosphere the silica gel became saturated with water and the slip of the mustard
gas through the tube became excessive.

Silica gel has been used to sample GB and GE for analysis by the dianisidine
methodp but only where the samples could be analysed inmiediately to avoid loss of
C by hydrolTis.

-12-



(a) SrMM NOT BPTL'1IN MABSOPTION

The main use oP this type of sampling apparatus is for gases which are
difficult to absorb, and therefcre cannot be sampled reniently 'in bubblers.
They have been used reoently for nitrous fumes and for carbon mcncaide.

(i) Th vcated Bottle4

A Winchester glass bottle (4 to 3 litre) with an aocurately measured
internal volue is fitted, with a bung and a leaith of pressure tubing. After
evacuation the tubing is. olosed'by a screw clip, and a glass plug, or a glass
jet drawn cut to a sealed point, is inserted in the tubing as an additional
seal. The screw clip is released before sampling and either the plug removed
or the glass jet broken at the odrreat momnt. The bottle- takes about 4 secands
to fill and is resealed as. soon as possible after sampling (Fig.- 1A).

Evacuated bottles have been used to sample from positions lnacoessibe to
the bottle by mans of a length of tubing leading to the sampling point. X=iW iat-
ely priw to sampling abxidpump is operated for a number of strokes dalculated
to clear this tube, and the tube is then connected to the bottle before releasing
the scew olipa.

For some gases it is necessary to add a reagent to absorb the gas. With
aueoas solutions this can be done before evacuation provided that the punp is
fitted with a suitable drying trap. The absorbing solution is then swirl d
rwund to wet the sides of the bottle before and after the sample has been taken,

(2) The Balloon Inside a Bottle

The Winchester bottle is closed by a "Lung through Yhich pass two short

metal tubes, from one of Vhese tubes a piece of rubber tubing leads to the
bottom of the Winchester and the other end is attached through a ritical orifice
to a pamp, To one end of the other metal tube is attached a balloon which
hangs limply inside the bottle., whilst the other end of this tube is connected
to the sampling peoiticn,

When the pump is switched on, the air is drawn cut of the bottle, causing
the balloon to inflate and draw air frn the sampling position. At the end of
the sampling period both tubes leading from the bottle are closed by mans of
a piece of glass rod.

Both 25 gram metecrological balloons and strng toy balloons have been used
to sample for 5 minutes at 0,5 litres/m te, One TI I=V can be used to operate
40 or 20 sampling positions4

In a few cases with long shaped balloons it was advisable to omit the rubber
tubing inside the Winchester,

(3) The Water Filled Bottle with a Syphon Tube

The Winchester bottle is filled with water and closed by a bung thrcugh
which pass two tubes reaching almost to the bottom of the bottle, One of these
is slightly' longer than the other and is bent over outside the bottle to form a
syphon tube, the other is the sample inlet and is ccinected to the samp4.ing
positicn. With this constant head device, the sampling rate is roughly constant
and samples can be taken for moderate periods eg. 5 x inutes at 0.5 litreA/min.

(4) The ,spiratcr

Two aspirators (usually 10 litre) are '-.sed connected together by rubber
tubing with a screw clip. Water is allced to flow fran one to the other at a
steady rate and so collects the sample in the aspirator from which the water'
is flowing Care must b taken to equalise the pressure in both aspirators,
before and after sampling. in order to measure the volume collected,
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SEQRT
Tho- main parpose of this device is to take a caatinuous sample at a

regular speed of a not readily absorbed gas, such as carbon mmnaidj

(5) The Football Bladdar

The bladder is fitted with a ncar-return valve (the usual type of *rilve
adaptor for inflating footballs by a bicycle pamp) and attached to the cutlat
of the pump. Ther critical orifice is attached to the inlet of the ,pmp and
forms the sample intake

Only diaphragm pimps are suitable f or use with this technique and even
these should be tested -fc leaks to ensure that the amount of air blcmn into
the football is the same as that collected fron the sampling point, A slight
leak is immaterial provided that the sampling p ositicn is large enough to
aooamodate the, Yhole pump and not Just the Inlet, so that the air leakn in

is identical with the samples

A convenient sample fcr a football bladder is 10 litres ard Ti pimps have
been used to take samples far 30 seconds, at 20 litres/minte.

Only ane ample can be taken- by each pmp and the sample is slightly
contaminated by lubricant etc., during passage through the pmp* • If an
appeoiable time is expected to elapse between sampling and analysis, the neck

f the bladder should'be plugged as the ncn-ret~an valves are not very efficient.

- 14-
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2. AMARAT.S FOR SPX.LING PARTIC .T.E OU

THE W=~L cans

This consists of two plastic canes which are threaded at the wide end so
that one can be srawbd into the other. A standard sized filter paper, 5.5 am
in diameter, together with a rubber washer, is placed on a ledge inside the
outlet cone and held in position by the other cone when this is screwed in.
The end of the outlet cone is provided with a ridged tube to give a good fit
into the suction tube of the injectia (ig. 12).

If strict isokinetic sampling is considered desirable, a glass tube of
the acrect diameter can be inserted into the inlet and of the filter (Fig. 13).

The filters are carried in wooden "nests", each of whidh holds four filters
with the ridged ends down, so that the sample is on the top aurface of the
filter and is therefore less likely to be shaken off in transit back to the
laboratory.

When sampling at 10 a 15 litres/mins, one Whaanu No.1 paper has been
foui to be satisfactory 3cw white jhospharus amoke# while for the inseoticids
D, benzene hexachlridet and IVI, two thicknesses of Whatman No.1 paper were
usqde F other smokes, Whatman No.44 paper has genera y been satisfactory,
but for salioylaldazine an asbestos paper had to be used.

i- 5



3. MR-1M P(C THE S1PJNG OF GROMD COMMATIK

Four methods of estimation of ground ooantaination are comcnly used:-

(a) sam~pling awolopes

(b) felt pads

" (o) turres

(a) pie plates cr petri. dishes

Of these (a) '(b) and (o) are normally tied simutaneouasly, whilst (d) Wa
be used to replace any of them aocom ixg to the cirumstanoeS,

The areas of the sampling devices, VZ.

Envelopes 17*4 per soaare metre

Felt pads O

Turves 218

are related tb the, degree' of cantarinatico which they are expected to sample.
The envelopes, having the largest area, are used fcr the positions of the

lightest contamination when the drops will be more scattered, so that a larger
.sampling area is required to obtain a representative saple.

The' sampling envelope has one side made of Whatran Noj filter paper about
9" x g", whilst the other side and also a frame round the filter paper is made
of moisture resistant paper such as Buff Manilla. Inside the envelope is
placed a flat iron plate with a rim '316" high, to provide weight to javent
the envelope from being blcwn away and also to act as a spacing ring to give
an air gap below the filter paper so that the liquid droplets will be
absorbed by the paper ahd not pass straight through (Mg, 14).

Awelopes are usefal fcr estimating light cocmtamnaticns, but although
filter paper can absc'b up to lO0g/m of : most chargings it is fand in Iractioe
that above I0 g/m some of the liquid either flows off the edge of the envelope
or passes through the filter paper before it is abscrbed,

(b) TH FM PAD

A piece of woolle "Fearnaught" felt is arranged in a metal holder so that
the exposed area of felt is JO0 ag, an. The felt gives a sufaoe which is
rougher than paper, has me rapid absorbing lrperties, and ofwhich drops

falling at an angle are less likely to bonioe. The dyed oharging also penetrates
deeper into the pad than it does into paper and henoe fading of the dye due to
exposure to light and loss of dye cbe to volatility are reduced as caplred with

The present holder, which was designed far simploity and speed. of manufac-
tue, ocasists of a lat piece of brass with one end curled cverq The felt
is, cut 10 cm x 11 cm and 1 cm of the length is forced under the crled edge of
the holder; the oppbsite edge of the felt is then held down by a paper clip.
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Felt pads have been used as non-expendable stcres i.e* the same pads have
been used for several trials after extracting the dyla frcm the pad and washing
the holder, This has meant that they have not been very reliable in the
areas of very light oontaminaticn. Also in these areas the small size of the
Sad gives too small a samplig area in relatin to the scattered nature of the
pdopes to Pa ievl op@ I ~s ten smoi ge ae rtre oer in
droplets, Pads., like envelopes, also tend to get displaced'or turned Wer in
th vioinitye of a lo burst bovZor near the crater of the bomb casing. With
contaminationsL in eXCe'Ss of 200 &/m: psame of the, charging passes thrct;Sh thepad4

Felt pads should therefore be used in the area where the contaminatian is
expeated, to be in the range 1-1 0iOr_ 2

(o) TUF SAMING

The turf outter consists of a ordular metal cutter 3" in diameter to which
is attached a long handle for ccaxeniaenoe in cutting (Fig. 15). The cutter is
forced into the omotaminatad turf with a rotary movement and then with the aid
of a trole a turf about 2" deep is lifted and transferred to a wide mouthed
stoppered bottle, numbered to oorrespond with the position of thi turf,

Turf cutting is resrted to in the areas of heavy contaminatirn (over 50 g/m 2)
particularly if the felt pads have been displaced, or if it is desired to take
saples cver a closer grid.

(d) THE ZJX PUTS OR PBTRZ 3H

Enamel pie plates cx peti dishes of known diameter have also been used to
colleet liquid contaminatin' the size being chosen to correspond with the
degree of coataminaticn expected ie. a larger sampling area in the positions of
lighter contamination,

These have been used in cases where pads ouId not be used, e.g. to estimate
substances which could not be extracted easily fran the pad or turi. Thus when
it was required to estimate G itself and not the dye oharacterisers the G- would

* have hydrolysed to sne exten-j on the pad. In other oases it was required to
sasle heavy contaminations on tarmac or concrete from which turves could not be
cut.

In some cases the bottom of the petri dish is ocvered with a layer of
absorbing soluticn, e.g. for GB it is covered with a film of cyclohexnol, to
redce evaporation befre analysis,

In using petri dishes note must be taken of the screening acticn of the
rim when the droplets arrive at an angle to the vertical,

r 2
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B. NOM S C~Ti aUW I3~

It is scetimes desired to know the amcunt of charging left in -a crater.
Pc this wprpose the loose earth is dag out and digging is ocntinued till all
the charging is removed This is largely a matter of experience, but some

guidanoe ean be giveh. Thus. if the charging was' dyed, digging should be
oontinued until there is no oolour'left in the crater; if it has a strTng,mell,
this should be made use of. In case of doubt it is always better to take to

much rather than too little,

The sil dug cut is well mixed, any large lumps troken, up and any flints

rejeoted, The thoroughly mixed earth is then quartered in the standard manner.

the diagomally opposite quarters being weighed before bedng discarded. The

mixing and quartering is repeated until the residue is a convenient size for

analysis. This is also weighed, to give the'-proporticn of sample to-total
crater contents6

The sample is then analysed in the approl'iate manner for dye, nickel, or

other dharaoteriser.

- 16 -



0, OPERATING W, VICES

1, M FOW CONTROL IWIOES

(a) The Critical Orifice :
(i) Genera]

When gas is drawn through an orifice by means of sution applied to one
side, then, provided the pressure drop across the orifice has reached a critical
value which is dependent on the geometry of the orifice, the mass flow of gas
will reAin constant irrespective of furthor increases in the pressure differ-
ential with increasing suction. The flcv rate is proportional to the square of
the diameter of the orifice, An internal dliameter of 0.35 m gives a flow
rate of about I litre per minutep 0.5 mm diameter gives 2 litres per minute etc9
Far a hole in a flat plate the critical pressure differential is about half an
atmosphere (35 cm of mercry), but it has been shown experimentally that a
profiled orifice of venturi shape giving streamlined flow -will act critically
at a smaller p-ressure differential. Hence one pimp can operate a greater
number of samples through venturi type orifices than through orifices of the
flat plate type.

Venturi orifices were riginally canstructed from polythene with the
inlet cone making an angle to the axis of 30 - 400 and the outlet cone longer
and with an angle of only 20 to the axis, experiments having shoan this shape
to be the best. When a few of these were produced. they-were very satisfactory
and acted critically as long as the pressure on the pump side was not more
than 3/4 atmospheric, i.e. a pressure differential of only 3/4 atmosphere; but
'when produced in quantity the results were disappointing for 1 litre per minute
flow, although by enlarging the hole they were suitable for use at 10 litres
per minute.

A seoond type of critical crifie used consisted of a glass tube with one end
constricted till the hole was of the correct diameter, but these also were
unsuitable for mass production. The problem of producing large numbers of
critical crifices with a reproducible flw-rate ws finally solved by the
introduction of the Veridia-disc orifice described below,

(ii) The Veridia Disc Critical Orifice

A length of capillary tubing can bG used as an air flow regulator, but the
flow rate is dependent on the pressure differential maitained by the pump. If
however the length of the capillary is reduced to 1/16", it will act as a
critical orifice roviding the Iressure on the pmp side is less than half
atmospheric, 1/16", thick discs of "Verid&a" (precision internal diameter)
tubing have been used as critical orifices and found very satisfactory.

The disc is forced into a piece of surgical rubber tubing of internal
diameter about 2 m less than the external diameter of the glass disc, On
each side of the disc is plaoed'a piece of plastic tubing (either fairly rigid
poly rinyl chloride or polythene, according to the risk of attack by the vapour
of the sampling solvent) with an outer diameter slightly less than that of
the disc. This holds the disc at right angles to the axis,and acts as a
spacing piece to allow the rubber to contract (Fig., 16). A length of at least
1/2" of WVO tube is found to be necessary to prevent leaks past the outside of
the disc. The plastic tubing is held in place by either aluinium or glass
tubing, which also serves 4o connect the citial orifice to (a) the sampling
unit (b) the suction line

(b) The Ball and Tube Flowmeter

This is described with the Injector - see 3 (c) below.



.... SEawE

SAMLE TMCMG C0NTROLS

(a) The Rotary Distributor~

(i) The Bellows Operated Rotary D~istribuxtor

This was designed for operating at 'flow rates of at least 1O 2/mmn. It
consists of a flat plate vith ten holes leading to ten sampling positions, A
rotating hollow arm moves over the flat side of the' plate to connect with each
of the positions in turn. When suction is applied, this first comr.resses a
bellows which moves the rotating arm to the first sanpling position and when
the pump is svitched off the bellows expand and allow a ratchet mechanism to move
the rotating am n to a blank position between the first two sampling positions.
The connection between the rotating arih and the flat plate is not absolixtely
airtight, but since this is on the suction side of the eritical orifice, it is
unimportant unless the leak is so great that there is less than half an atmosphere
pressure differential,

A lever at the back of the distributor allays it to be reset to No. position
by hand.

Since an air flow of about 10 3/min. is required to expand the bellows in a
reasonable time, one of these rotaries is ncmally used to control several
positicns sampling at :,/min. When the rotary is controllng only one or two
positions, a 5 or 10 3/ntn. critical orifice is inserted into the line between
the pump and the rotary in order to increase the air flow and reduce the time
required to switch the rotary to the next position.

In all cases the time for the rotary to operate must be checked and an
interval of at least this period allowed between the successive samples.

(ii) The Schrader Valve Rotary Distributcr

This apparatus is designed for taking up to six consecutive gas samples,
using a single source of suction.

The six sampling lines connect via Schrader Valves to a plenum chamber which
in turn is connected to the vacm line,

The Schrader valves are opened sequentially by a cam driven by a rotary
solenoid.

The distributor is used in conjunction with a remote control switch, which
carries a pointer indicating which sampling line is in use,

This type of rotary distributor can be used only for flow rates below about
5 J/in, as above that rate the Schrader valves act as critical orifices themselves,
and hence normally one distributor should control only one i 3/min. sampling
position4

When using this distributors, two separate electrical circuits are reqxired
one for the pumps and one for the rotaries, and the gauge of cable used must
be such that each distributor receives the correct 24 volts,
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SEaWE
(b) The Bcrib Release Control far Rvaouated Bottles

This ocntrol is an Air Ministry bomb release interval timer (Yiokey' Muso
pattern) 'sch that when an electrical impulse is givem, a lever arm snaps don

An evacuated bottle fitted with a jet bent at right angles is placed along-
side the bomb release so that the point of the jet protrudes throgh a hole in
a metal frame and comes just below the lever a=r.

The bottles are, arranged in banks of four each with its cMn bomb release,.
so that by using fcor separate switches., fow successive snap samples can be
taken

-21
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SECRT

3. SUCTICK IEVICES

(a) Pum~ f'or Large ScaleField SarTin T. ums

This is a series wouna 24 volt D.C., t1.2 amp., 6,600 rp, 1/4 hop. motor
attached to a diaphragm UMP which is capable of pulling about 50 litreaw'rin. of
free air cr of maintaining a vacum of half an atmosphere when lulling 30 litres/
min. of air through critical orifices,

In the* field these piumps are used fo sampling 'for up to 20 positions each
at I /min/,, the various positios being octmeoted, to the pump by lengths of
piping end manifolds,

Some of these pumps have been modified to be operated at 110 volts D.C.

(b) Static Pump for Large Scale SamplingF

This is a oom-erial pump operated by a 1 h.p., 2Q0 volt AC 0. motor at
1425 rpm and suppli ed by Nessrs. Pulsometer of Reading. It is suitable fcroperating up to 50 positions at I 2/mn. in the laboratory.. gas chaTber or other
permanent position.

(o) Miniature Bury f or Individual Sanpling

This is a 3.5 oc piston type' toy Diesel engine converted to act as a pimp,
direct driven by a 24 volt D.C. 2.,000 rpm shunt wound motor. These motors
ccmsuxme about 50 watts and the pumps pull 3 or 4 liremin. of free air at
ab out 2 litres/rmin, of air when maintaining a vacuum of over half an atmosphere.

They are intended to be used for sampling at individual points, but iff
necessary one pip (if in good condition) could be used for two positions eachat .1 ian.

(a) Vacuum Tanks

Vabaum tanks have Imored useful at static positions e.g, the bursting
chamber, whiere the flow rate for the number of samples required was greater
than the capacity of the pump then available,

The vacuum tank can be any large airtight tank capable of withstanding
the pressure - an empty bomb body was actually used. This is evacuated by the
pimp Iaic to the experiment and the sampling is controlled by a tap between the
sampling points and the tank. A maneter is fitted to the tank to conflrm
that the sampling is terinated before the vacuurm hag been reduced to less than
ha2f an atmosphere, to ensure correct flow through the critical orifices.

(e) The Injector

The injector is self contiined and, although it has been ouperseded by
suction pumps for most layouts, it is still of value for remote or isolated
sampling positions,

Two types of injector are available, one for complete control by hand,
the other after a preliminary setting by hand is switched on and off electrioall.,

The injector operates on a similar lrlnciple to that of the Bunsen water
pump~ and consists of the folloing ports.(Pig, 17)1-

(i) The* air bottle , a thin steel alloy cylinder is charged to a maximm
lresSure of 1i800 p.si. dry air, and should therefore be handled with care,

(ii) The main valve. This should be kept either fully opened or fully
closed in which oases the gland is self-se.ling, At inteirediate positions,
air 2eakage and damage to the valve may occr,
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(iii) The reducing valve and gauge. When the injector is fully charged
the gauge should show 120 atmospheres. When the Tressure falls belay 30 atm
it is an indication that the injector YlUJ not continue to function ruch longer.

(iv) The injector unit is a stainless steel Jet with a fine gauze filter,
a A disoharges into--

(v) The venturi tube md exit pipe.

(vi) The fl~ometer usually fitted to the injector consists of a steel ball
in a transparent plabic -tube which is slightly tapered inside, and is calibrated
at 10, 15, and 20 litres per ninuteo This flcmvmeter reads accurately only if
the injector is placed in strictly hcrizontal position.

(vii) and (viii) The flexible inlet tube and adaptor

Notes () Injectors should be carried in boxes and, when removed from the box,
should be lifted by holding the top of the reducing valve# They should'neyer be
handled by the thin tube connecting the main valve to the reducing valve, or
by the flwmeter.

(2) although the balls in the flowmeterp are made of stainless steel,
corrosion does occur and the balls often stick and have to be loosened by

imeentarily tilting the injector ar by gently tapping the flavmeter tube.
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SECRET~

SECTION III

MLNYSIS OF THE &.a=i

The analytical methods quoted belmv are as used for the samples from the
most reoent trials, but in some oases this is seve'al years ago, (The date of
last use is quoted after the heading in most cases, up to January 1955.)

In view ot the changes in the technique of sampling , design of bubbler,
flar rate used,. etc. - some methods -All require modifioation before being
revived if the number of samples involved is appreciable. The volume of
sampling solvent used will depend on the type of bubbler and on the fl@'1 rate
and as the efficiency of the sampling is dependent m all three of these as

well as on the temperature and the time of sampling, the "slip"* should be
checked before any modification is accepted..

In most cases typical calibration results are quoted. These are given
as a guide to the sensitivity obtainable, and new calibratioms should be carried
out if ihe methods are revived cr if new supplies of reagents are used.

It is considered that several of the methods could be improved, e.g. it is
possible that where alcohol is used as sampling solvent it ccild be replaced by
a less volatile soltrent; in other cases titrimetric methods could be controlled
amperaetrically or replaced by more sensitdive cclorixaetric methods. In these
cases, ha7ever, the amornt of recent use of the method has not justified the
time required for its improvement,

WSlip is here taken as the amount in the second bubbler, expressed as a
percentage of the amount in the first bubbler, wha the sample is taken through
tVo bubblers in series,

NOTE

Excluded from this meaarandunm, but included in P.M.19 are methods for:-

ANtMNY (see also Ptn/j75j(U2648))

OHLORfNE by mercuric nitrate titration

CHLrMOCROT GN;J)BY

~"LIY 10DO1LCXTdLE (K(SK)

OIL sOIm
TI i'NIUJM I

ZNCO (by visual estimation of t=rbidity with ferrocyanide).

2j
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1.SpqekerAbs ptier 76
This is a well kncvm co~mmrcial instrument, sulplied by I..essrs, Higer andWatts Ltd.
The Ilford filters ranging fran "Spectrum violet 601" to Spectrum red 608"are nav used Yith this instrument, Havever, some of the older methods quotedrefer to the older type of "S,1xLker" and the glass filters No,1 Red to No.7 DarkBlue, The necessary modifications and recalibration should be made if themethod has to be brought into use.
In order to simplify the analytical technique when dealing with largenumbers of samples, the sampling bubbler is also use(! as the analytical vessel,and the reagents are added to the sar.Tple in "Situ". This means that the colcmrmeasurement has to cope -with a very wide range of concentrations and to achievemaximum sensitivity a range of absorptiaceter cells of varying size is used.Thus, pale colours are measured using cells with a path length of 3 ca and deepercolours in either I an or 0,25 cm cells. In some methods, where the range ofconcentrations expected is extremely-wide and the amount of reagent alreadyadded is sufficient to cope with this range, 0.25 min cells have also been used,and the necessity of diluting and taking -n aliquot part so mavoided_.

2. qn o ohot M Aer

This is also a well known comerbial instrument, the Unican S.P.350Diffraction Grating Spectrophotometer, suplied by HIessrs. Unicam InstrumentsLtd. Solubion cells ranging from 1 inch tubes to 0.25 cm cells are usedwith this instrument.

3- FuLrimeter

Since no comercial instrument with sufficient sensitivity was available,one was designed and produced at Parton (P.T.?.455), (Figs. 18 - 21).
The criginal fluarimeter was a single ended instrument, but later modelsemploy the twin-beam IrincLple and consist of:

Light Surce:- A 12v, 24 watt Osram lamp having a single vertical spiraltungsten filament.

Detecto Sstem.- Two photomltipliers, one on each side of the lar,, areccneoted together with the final dynode load resistors, one of which is variable,in a bridge circuit, A galvanometer is Joined between the final dynodes.

The photonaltipliers are ocosen v;ith lav dark current. high gain, andnmxinm response in the blue spectral region. 220 K 1 vatt resistors areused in each dynode chain, The variable resistor is a 25 K Oolvern "Helipot"fitted ith a slow motion dial graduated in ne thousand divisions, and is thefinal d3,ode r esistor in the control photcoultiplier circuit, The fixed loadresistor in the final dynode of the test photomltiplier oi.cuit is between5 and 35 K and is chosa so that with no light on either photoultiplier andthe variable resistr set at maxinun the current is approximately balanced,
A Canbidge "spot" galvananetear. I ,ia full scale deflection is usedto indicate the null point.
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Test Cell:- .n optical glass cell, internal dimensions 4.5 cm high, 3P5 CM
long, and 1.5 on wide, is used. Light enters the cell through a narrow face
ard the photoaultiplier measuring the developed fluorescence is placed as near
as possible to a wide face,

Filters (a) Woods glass filters are placed between test cell and light
and bet-een control photo tiplier and light.

(b) 4n Ilford 106 filter is inserted between the test cell and
the photomiltiplier to eliLinate stray light reflected or refracted from the
test solution.

(c) 1 neutral density wedge filter is placed between the control
photcaltiplier and the light source.

* Power. Pack:- constant voltage transf arner is used to supply:-

(a) A lightly stabilised 140Ov, 4-5rm supply with a variable
voltage control.

(b) A lanp transformer 12v, 2-3 anps.

Scremin:- The test cell, photoruitipliers and filters are screened to
prevent the ingress of stray light and care should be taken each time the testcell is inserted that the mtal cover is replaced in the correct position.

Light shutters are provided for stand-by use on control and test photo-
xultipliers and on the test celL,

Use of the Instrument:- The instrument is switched op allowed to warm
up for 30 mins., the voltage on the photomItipliers adjusted to the standard
value and the setting of the neutral density wedge checked as follovs:-

A flucrescein r other standard flucrercent solution, having a
flucrescence ifitenaity equivalent to a standard reading in the
range expected. is placed in the test cell. The variable load
resistr ("helipot") is turned to the standard value and the
wedge adjusted till zero current is recorded on the galvanometer.

A blank solution is placed in the test cell, and the "helipot" dial is
rotated until a null point is indicated on the galvanometer and the number
noted. The blank solution is removed, the test solution placed in the cell
and the Irocedure repeated.

It is advisable to check blank and control readings at frequent intervals
and make a small correction for drift due to temperature change.

4, Infra Red Gas LaJal ser

The I.R.G.L. is a comercial instrument supplied by M'esrs. Grubb-Parsons,
It consists essentially of:-

(i) A source of Infra Red radiation

(ii) A rotating chopper

(iii) Two joarallel tubes, one of which contains air free from the gas
to be estimated, whilst the sample is passed through the other at a slw bteady
rate.

(iv) A condenser consisting of a diaphragm and a fixed plate and conta.ArJ
the same concentration of the gas to be analysed on each side of the diaphragm
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SERE

(v) An electrical neasuring system.

1n interrupted beam of inf ra red light is passed sinrltanecsly dovn the
two tubes and into the condenser. If the sample is "blank" the amocnt of
radiatian absorbed and heat iroduced is the same on'both sides of the diaphr,-
but if sor: of the gas is present this vll absorb som of the radiaticn in the
sample tube? so that the heating effect in the condenser vill then be ct of
balance and. the diaphragm vill be displaced. This is measured electrically
and the chopper enables an AC,. amplifier to be used.

The I.R.G.!A can be used for the estimation of, carbcn moncdde, carbon
dioxide and for many hydrocarbons ,+idc absorb strongly at particular wavelengths
in the infra red.
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B. VMT0fl8 OP FSTUIA.2I0N

Aoetylene has been used in trials requirxg . true ,gs as an inocuous,
I'. substitute.

.1IINM. OF THE 'IETHM

The acetylene solution is treated with an amnoniacal copper solution and
-L the red copper acetylide (prevented from coagulating by the iresence of gum

ghatti) is, measured in the S pekker Absorptiaaeter.

0OLTrnIC OF Tim SUOZf

The acetylene is colleoted in bead bubblers charged with 20 ml of acetone,
The bubblers are contained in a wooden bcx and packed round with solid carbon
dicxide ("Oard.ioe"). The sampling rate must not be more than 2 litres'per
minute; even at this rate the sampling time must not exceed 15 ranutes, and it
is essential to comeat a second bubbler in series with tbe firsts in order to
estimate the "slip", At 100 co per minute, hoVever, the slip is negligible'
for short sampling periods.

() 0.8 g of cuprous chloride A.R. is dissolved in 20 ml water and 9 rmal of
cone, amimonia solution A.R. (0.880). 7 g hydroxylamine hydrophlride dissolved
in 30 ml, of war n water are, then added. After decolorisationt 20 nl of a 1%
solticr of gum ghatti is added and the mixture diluted to 100 ml in a graduated
flask,.

(ii) The gum ghatti solution is jrepared by suspending J g of the gu=m in
a muslin beg in 100 ml of water for 24 hours,

If it is desired to keep the mixed reagent for nmre than a few hoUwsP a
few strands co clean copper wire should be introduced,, 2 or 3 ml of light
petroleum floated on the surface and care taken to avcid undue shaking.

ANMILYTI= nITHOD

Each bubbler is stored in the "Oardioe" until ready for analysis and as
soon as the analysis is started it is carried through as rapidly as possible.
All flasks, cylinders, pipettes and the water and acetone used for dilution are
cooled in an ice bath until ready for use,

If the sampling rate was 100 co per n-dite so that there has not been any
loss of acetone, the sample is poured into a cylinder, and 10 ml (i.e, half the
sample) pipetted out into 10 ml of ice-cold acetone in another cylinder. The
mixture is diluted to 40 ml with cold water, 2 ml reagent added and mixed with
a plunger stirring rod and the mixture allowed to stand for 5 mins. in a water bath
at 20-25° 0 for the colour to develop. The olotr is measured in the Spekker
using 4 am cr smaller cells as appropriate with the ODI dark blue screens and
distilled water in the reference cell. If the colour is too dark to meauwe
on the 0.25 am cell a repeat on a smaller aliquot must be carried cut at onoe;
with practice it is possible to tell if this will be necessary as soon as the
reagent has been added so i" a repeat can be started befcre any acetylene has
been loot from the sample.
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For samples taken at 1 or 2 litres per rlnute, the contents of the first
bubbler are pured into a measuring cylinder, and the contents of the second
bubbler used to vash cut the first; this is washed with a little acetone
and the washings added to the sciple until the volume is 40 ml. The solution
is mixed with a plunger stirrer, and an aliquot of not mare than 20 ml taken
and diluted to 20 ml if necessary wvith acetone, then to 40 ml with water and
the esiimation carried cut as above,

Blanks should be carried out an 20 ml acetone,

0CIAIBRATIM

A 10 ml gas sampling tube whose volume la accurately knvrn is filled with
acetylene from a cylinder and the temperature and barometric pressure noted.
This is then connected to a bead bubbler containing 40 ml acetone cooled in
"Olardioe" and the tap next to the bubbler opened, The bubbler is then
connected to the suction and the other tap opened and a very sl7 stream of
air (not more than 100 cc per rin.) drawn through until all the acetylene has
been abscrbed in the acetone.

Several small aliqots are then taken from this soluticn and the acetylene
estimated as above, the weight of acetylene in the aliquots being calculated from
the volume of the sample tube corre-cted fcr temperature and pressure and for
the aliquot taken,

Typical results are as follo-:-

Lcetylene mg 0,0 0.38 0,76 1.14 1.502

Spalkker Reading • 0.0 ' 0.63 1.25 1.08 !.48

(The higher Spekker readings are measured on the smaller size cells and ,maitiplied
by the appropriate factcr)
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USE~

Anmonia has been estimated in gun fumes in tanks and canfined spaces, pill

boxes etc.

_RINCIPLE OF THE BETHOD

The development of the well known yellow colcur with Nessler' s reagent and
its measurement on the Spekker

OOLLWTIC OF TBE SMZZ

Ammncnia is collected in miniature bubblers eharged with 5 ml O.oiN, Hydro-
ohloric aoid, operated at I litre per min., or in evacuated Wnohester bottles,
Slip can be neglected fcr samples up to 30 mlns. at 1 litre/min.

MNTs

(i) 35 g potassium iodide A.R. and 13 g mercuric chloride are added to800 ml water, heated to boiling and stirred till dissolved. A cold saturated
souticn of mercuric chloride is then added drolpvise until the red periodideof mercury Just begins to be permanent. 160 g of solid potassium hydroxide
A.R. are added and the solution diluted to I litre. A little of the saturated
mercuric chloride soauticn is then added and the precipitate allowed to settle,

The reagent should be prepared in advance as it improres on keeping. It
should be kept in the dark.

(ii) 1% gum ghatti solutiim

ANALYTIGAL UTIHOD

A ailibration curve should be prepared at the same time as the samples are
examinedt using a standard solution of ammcnium chlcride*

If collected in miniature bubblers, the sample is dilated to the 25 mlmark with mixed reagent mcnsisting of 20 parts water, 1 part Nessler reagent,
and I -art gum ghatti sobltion, stirred and all wed to stand 5 mins,, the colcur
measured on the Spekkw, using the Spectrum Violet 601 sceens and either the3 Or or the 1 ca cells, If the sample is expected to be very high (over 200 pg),
an aliquot should be taken before adding the reagent.

If the sample is colleoted in Winchesters, 25 ml distilled water are added,the mixture shaken-round well and poured into a 50 ml cylinder, The bottle is
washed out with mc'e water and the washingz added to the cylinder, the volumebeing finally made up to the 50 m mark. 2 ml Nessler reagent and 2 ml gumghatti solution" are added, the mixture stirred and the colour measured an theSpekker. This, of course, will require a different calibration curve*

OALmKnaTIN

By the bubbler method, typical reoilts are:-

Pg NH 0,0 1O. 2(), 30. 40. 50.

Spekker reading 0.05 0.10 0,3 0.47 0.62 M,77
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USE
Aniline has been us ed as a substitute, particularly for annulus and other

evaporaticn trials,

PRINGEPI OP a E TO HD

Aniline reacts with >-dinethylaninobenzaldehyde to give a yellow' colcur

COMMOM0K OF T1H SAL Wa

The vapour is collected in miniature bubblors charged with ? ml of 5C
acetic acd" "Slip" at I /r. _n is about f ar sa pling periods- of 30 nins.
and at ,a tenperature of 65R°,.

RF GETS

(i) 5' Acetic Acid 110R.

(ii) 0,1% soluticn,,of p-dimpthylai.inobenzadehy.de In 5e% acetic acid,

AINALYTICIj L iHOD

The bubbler ccntents' ore m1-ade up to the 25 ml mark with the p-daimthyl-
aminobcaldehyde reagent, stirred with a glass plunger stirrer, allowed, to
stand for 10 minutes, and the colour read in the "Spekkeor" using Spectrum
Violet 601 screens and the appropriate cell (3 CM, I am 0.25 m or 0,25 M)
and comparing agaiLnst a blark made in the same way.

TMOCIL CALINA.TION CURVES

The aniline solution for calibration is prepared by dissolving 0.1392 g
aniline hydrochloride in I litre of 50 acetic acid and diluting 10 ml of this
soluticn to 1 0 ml with more 501 acetic acid.

milinePg 10 20 30 4.0 50 60 120

Reading:

3 am cell 0.2 0.395 0.56 0.73 0,85 0.945 0.

a cm cell ~ 0,21 0-365 0-705

Ailine pg * 20 ~180 W4 360 480 720

1 an ce 2.t 0.,70A~ 0.96

.0.25 cm cela 00 2051 0.38 0954 0.685 0.94

Aniline pig 3.200 2400 3600 4.800 6000 7200

Reading 0.20 039 0525 t 0655 079 0'090
0.25 nclj L.__el

If Icefered, instead of using the 0,25 rn cell, a I ml al~iquot can be removed
from the bubbler, diluted to 25 ml. with more p-dimethylamincbenzaldehyde
reagent and either the 1 cm. or the 0.25 cm cell used.
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M3N~OIIT CE' TIMITHOD
The action of nascent hydrogen on an arsenite solution liberates arsine,which is oxidised to arsenic acoid by iodine. '.The arsenic acid is thenestimated by means of the intense blie ool prodged 'by redIotion of anarseno-molybdate solution with siannous chloride.

COIOTIc OF THE aiirFa' ithl 
di, l-(a) ch o and difluoroarsine thyl "dichotoarsine,collected in *ead bubblers containing 15 5ml Xa.(i i) xed vapour and. particulate - Lewisite., phenyl diohlora Iinecollected qn, (Vwha4n NP.1) fileras backed -by A bead bubbler15 l NaCEI,(iii) Particulate. - DfLh Da aoid D& oxide, W. sulphide DC, a,",collected on filters (Whatman No.)(iv) Solid (gross) -DC, co6lleted. on- envelo es, and dug cut from

craters,
(v) Liquid - BBo, H, * BN2 cantaining a., DO or TY, colleatedon sampling envelopes, and dug out from craters,

RMRG.MITS

i) ono. o and coneo H10'2
)ii) 5C aq.cs l,+i )- stannou' ahlcide, in pono, HOJ.ir) lisanio-frpe zinc pellets,

v) N/50 iodine solution,
vi) N/2sodium bicQxbanate solution.
vii)% sodium metabislphite solutimi.
Ivi)Sulphuriomoybeate solution. Hvade by mixing equalvolumes of 13 N H SO. (accurately standardised) nd 9.sodiumfoybdate (aoo 4 .a2O).
(ix) Dilute.stam us chloride so]xticn (O..%). Prepared bydiluting with water the W/, solution (i/200) as required;this 'solutini vust be freshly prepared, at least race'

every day ,

AJI reagents should be free from arsenic or phosphorus. Only freshlyprepared solutions of sodium bicarbonate and sodium meabisulite should be
Used,

f 1 MNiLYTICIA I.HOD
The method may be divided Ito four Stages:-,

i eslautio'n of organic matter and atid~tion to arsenic acid.(i)Reduction to arsenious acid,iii)vo.Ltion and absorption of arsine,
iv) Colour developnent,
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(i) Destructicm of organic matter and oxidation to arsenic acid.
The sample is transferred to a 200 ml Kjeldahl flask, sufficient conc,
BN03 added to cover the sample, and sufficient cone. H2SO4 to leave

1 - 2 ml after nitraticn is completed (a c.5o Whatman No. 1- filter.
needs about 2 ml but an envelope 4 5 ml). The flask is clamped
om the heater, the shaker (fig,22) set going if there is any
tendency tO ump or froth, and heating continued until white fnneo
of S03 are evolved. If the iquid is black owing to charring,
more H0 is added by .means ofa dropping bottle and the liquid
evapratea3 to So3 fumos. The process is-repeated if necessary
till no carbonaoebus matter remains.

(Fqr earth samples. .the substance is gently heated (and shaken if
necessary) without the addition of H11O4 until all frothing ceases,
car&e being taken not to allow the cmtents of the flask to become
dry,. Sufficient H 01+ is then added 'to keep the ccntts liquid,
the sample charred and IWO3 aded as abcve. Complete destrauticn

of crganic matter has, occ.urred when 50 is evolved and no farther
3

charring occurs).

The rixture is allowed to cool somewhat, 10 ml water are added
and the liquid again evaporated (shaking if required) to S03 faimes
(this removes excess HN03), and finally allowed to cool.

(ii) Reducticn to arsenious acid. The soluticm in the Kjeldahl
flask is diluted to about 90 ml with water, I m15X KI.E and I ml
4C% stannous chloride are Added and the mixture is Just brcught, to
the boil,. thon cooled to roam temperature.

(iii) Evolution and abscv'tim of arsine.' The arsenite solution is
made up to a kn 'm voltime, and" m aliquot portiom ocntaining not more
than 0. 1 mg.t±L transfenmdto a Gutzeit pot (Fig.23), (Note: the pot
need not be of standard diimensions sa.nace rate of arsine. evolitiam
is not iprtant). 2 ml 6oneHI 04, 10 ml coc HO3_ Pzdi ml-
suancu's hioidi re.introduced into the pot water added to about.
the 50 ml mark, and the mixture allowed to cool.

The pot is now fitted up as follows:- The top is closed Y'ith a
rubber bung into .which passes a tube about 1,5 cm wide and 12 crn
long and with a constriction near the middle. The upper nart is
packed loosely with glass wool soaked in lead acetate so as to
absorb any hydrogen sulphide The top of the tube Is fitted
with a rubber bung from which emerges a capillary tube (4 mm external
and 0,5 =n internal) bent with a double right angle ao -that it passes
into a narrow absorptic tube standing upright by the side of the
pot; , the narrow tube is wideaed at the top in order to prevent loss
by splashing, and is preferably graduated at 10 ml The capillary
should be in contact with the bottm of the tube.

5 ml N/50 iodine and 2 ml I"2 sodium bicarbonate are placed in

the side tube, 5 g zinc shot are put into the pot, and the stoppers
pressed bome to prevent gas leak. Under these conditions evolution
of arsine is complete in 30 minutes,
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(iv) olou Development.
2 ml sulphurio-nolybdate solution are added to the side tube ,and mixe46
and 0,1 ml scdium mtabisulphite soluticn then added and nL~ed1 i ml
0. 4 stannous chloride is added bzn again mixe. The blue oolcr
(which develops after'5 minutes) is measured on a Sekker absctioneter
using" the red filters.

L blank determination is performed with each batch of estimatians,
using all the reagents and going through the whole process, and the
blank figure is subtracted from the result.

MLIBRATION

A calibration curve relating Spekker readings to concentrations of
arsenic is prepared by taking standard arsenite solutions and submitting then to
the arsine evolution tecnique described above. A blank is carried cut on all
solutios at the same tlne the reading obtained sbtracted fro- those given
by the standard soluticns, and the resulting figures plotted against ccrresponding
arsenic ooncentratiaas

Tp ca a c€libration:-

mg lrsenio 0.0 0102 0.04. 0.06 0,08

Spekker Reading 0.10 0.34 0.59 0.84. 1.09

Difference 0,2 0,49 .74 0.99

It is necessary to check the oalilratic mnve for eabh nv sulphur io-

molybdate solution, and if any discrepancy is noted a ner curve mst be prepared,

Notes:

(1) Transferring the sample to the K eldshl,flask

(a) Sampling Eelopes. The edge of the paper is cut round with a sharp
knifet the paper screwed up and placed in the flask.

(b) Earth samples,' A weighed portion of not more than 5 grams is analysed.

(2) Separation .of Organic from Inorganic Arsedc

(a) M., and DC. The filter paper is placed in a beaker andwashed 3 tines
with about tO aml of warm carbon tetrachlcride reviously freed from all
traces of phosgene by refluxing over solid NaGH and distilling, The
Nwashings which contain the organic arsenic, are filtered through Wh ashn
No.1 filter paper into a KJeldahl flask, The residue in the filter,
plus the, original paper, contain the inorganic arsenic,

Concentrated HNO3 tends to caxidLse a portion of the carbon tetrachloride
to chlaropjcrin and phosgene. These react with the arsenical, forming
the volatile arsenic trichloride, and resultig in loss of arsenic*
It is therefore necessary to ceooed as follows:-

To the carbon tetrachloride extract, 10 ml water and 3 ml chrcmic acid
solution are added, The latter is made by dissolving 35 g Cr03 in

100 mJ. water and adding 1100 ml conc, H 04, The flask and contents are'
shaken well. The carbon tetrachlorie. is evaporated off an a Water bath,
and the "KJeldahl" rodess proceeded with. (No more sulpha'io acid need be
added).

('b) -U. Separation an above, except that acetone nust be usd The acetone
mst be removed by evaporation before nitiatian but in view of the lower
volatility of 4 'as 0 copared with DO, this may ne doe without reliminary
oxidation by cwio6eo acid. The .fiter oontaining the inorganic fraction
is' freed from acetcne by exposure toa gentle stream of air,
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C(3) are of Samples

Een fine partioles of arseioal may be dislodgeafrom the paper by
rough handling; the filter should therefore be kept falt ii the "nests"
lr6vided for the purposeA

Xf the sample has to be kept for some time before axalysis, it should
be placed in a dish under concentrated nitric acid, aoet one or carbon tetrachloride
as the case may be 'to :revent evaporatich of the arsenioal) apd oovered. with
a watch-glass.

(4) Sensitisation of Zinc

All zinc ru st be sensitised before use by treati.8 for a few minutes
with dilute 'HO # then washing with distilled water, The sensitised zinc
should be kept under distilled water until required f r use.

(5) Lewisite

In the case of Iewisite samples, collected on fil-ters backed *by bead
bubblers containing 15 al % HaW, it is not necessaryrto carry out stage I
of the analytical method quite so fally,

The bubbler sample (fa, vapaur), the ilter Plus. 15 z 5 NaW (for
lilaqid), or the filter and bubbler sample together (fox total) are transferred
to a Kjeldahl flask containing 2,5 Ml conoo H2 SO4o To this is added 2 or

3 ml of cone, HN0 and the- usual wet oxidation carried- ot.. fter complete
removal of all nitrio acid, 80 ml of water are added,' then I l. 5C% KI -and
1ml 4G% Sn4 , .The solution is brought to the boii cooled Limediately,
and made' up t1 j 00 ml. A suitable aliquot containing not more than 0,1
mg arsenic is taken for analysis as described above fox the evolution and
absorption of arsine. If necessary more sulphuric aod rmst be added in
the evolution stage. Of the 2.5 ml of H2 9o4 added .orisidlly 0.5 ml will have
been required to neutralise the -15 .-l ,a -NaCI, leaving -2 :ml -in the 100 ml fram
which the aliquot has been taken, and the aliquot itself should contain at
least 2 ml cono, HI2S0 .

A more rapid method has also been used for Lewisite as follcvs:

Principle of the Method .. '

The lewisite is converted to sodium azsenite which is then titrated
against standard icdine.,

Colletion-of the Sample

The samples are collected onN6,j :Whatnsn filter paper backed by a bubbler
containing 51 sodium hydroxide solution6

Reag~ents

(i) Standard sulphuwio acid. This must be such that 5 ml + 0.1 ml
Just acidifies the amount of solu. ion used. ir the bubblers..

(iii) 44 starch (freshly prep.red)'

(ir) Sodium bicarbonate (so1id)

Anglytioal Method

Analysis should be carried out as soon as possible ater sanpling. 5 ml
of sulphurio acid are added to the, bubbler and the contents poared into a mall
conical flask, to which the filter paper is added,. I nl of starch solution
is added ani about I g of sodium bicarbonate dissolved 1n the solation, which
I•s then. titrated with iodine from a micro-nurette*
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A blank is run sfimultaneously and is titrated to the. same depth of.
colour, With large samples the colur match is not good but the error
introduoed is not serious.

The accuracy of the nethod is + I / on dosages (at) of 20 ng.i =3
of lewisite vapour (arxi upwards).
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.5. ARS IE ( re 1 946)

OINOIELE OF THE iBETBOD

Two methods are employed. In cne, arsine precipitates silver fram silver
nitrate, and the precilpitate is dissolved in nitric aoid and estimated by the
Vohard method, In the other method arsine is oxidised by iodine, and exoess
of the latter is titrated With sodium thiosulphate.

:rsine is a ollected in bead bubblers containing % silver nitrate, c. in
evacuated bottles.

IERGEqTS

(i) Ocmo. HN03 .

(i) N/5o KNS

(ii) Ferric I.mQ

(iv) N/50 iodine

(v) N/5o sodium arsel.ite

NAIYTIAL I1THOD

(i) Bubblers. A1 Gooch crucible is prepared with a thin pad of asbestos and
the ccntents of the bubbler are poured through it via the side arm of the bubbler.

The bubbler is washed two o three times with distilled water and the
washings poured through the gooch crucible, A little of the final washing is
pcured Lqto dilute HOl and if a Precipitate of silver chloride is observed the
bubbler is again washed, This procedure is repeated until no precipitaticn
of silver chloride occurs,

The plate and pad of the gooch are next placed in a beaker flask and the
gooch washed with conc, HNO 3 to remove all the silver adhering to the sides.
The H9O is run into the auuible from a dripper, the gooch being held over
the beaker flask so that the acid runs in on to the pad and plate,

The ccntents of the flask are swrled roand to break up the asbestos
pad and dissolve all the silver on it,

Next the bubbler is about one-fourth filled with cone, HNO3 shaken up
and the acid poured into the beaker flask via the side arm, Finally the
bubbler is washed two or three times with distilled water to remove the last
traces of dissolved silver,

The resulting solution of AgNO in the beaker flask is titrated against
N/50 potassium thLboyanate using a few drops of ferric alum solutic as an
int rna indioatcr., the end point occurring vwhen a very slight pink coloraticn
persists after shaking.

N.B.. The pad of asbestos in the goodh should be as thin as is praoticable
S' since a large quantity of asbestos in the final soduticm obscures

the end point.

The bulk of the final soluti:c should be kept as low as possible fcr
the same reasai.

I miN/5o- =a o.26 m g A
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(ii) Bottles The ainysis is carried out in the bottle, About 5 g sodium
bicarbcate are introduced into the bottle and 25' l N/50 iodine are run in
frcm a pipette. The contents are swvirled around and diluted Nvith water and
after standing a few minutes the resultant liquid is titrated against N50
sodium arsenite soluticn, using starch solution as indioatop. The difference
between 25 ml'and the amount of arsenite used gives the quanity, o' ,iodine
abscrbed by the arsine.

The volume of the bottle is noted.

I mlN15Oidine 0.195- 0 AI
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6.mcwwmLI cvf1mIE (pre, 194,6)

PRIN0OIPL. OF THW'IMM'OD

- ~Brornobnzy
Bromobezyl cyanide in alkaline alcoholic solutico gives a purple colour

with 4* 6-dichlcro-1. 3-dinitrobenzene.

COIWTIcK cF THDl Sam

The sample is taken at' 0 l/min. in bead bubblers charged With 15 ml of
absolute alcohol.

REAGENTS

Absolute alcohol
soaium hydroxide in distilled water

iii) olution of 4,6-dichlcro L,3 .1initrobenzene in dioxan.
This solution is stable for at least 4 weeks.

The 4,6-dichloro 1.3-dinitrobenzene is prepared by dissolving 34 g
potassium nitrate in 170 g ccnc. sulphurio acid in a glass stoppered flask and
cooling to room temperature. 25 g m-dichlorobenzene are then added in small
quantities with vigorous shaking, the temperature being* allowed to rise to
60-800. After all the dichlorobenzene has been added, the dxtmi re is allowed
to stand f or I hour and is then poured into about I litre of water with rapid
stirring. The solid is colleoted on a large Buchner fannel and pressed to
remove liquid impurities, It is rearystallised from 200 ml boiling alcohol,
dissolved in 100 ml chloroforam and precipitated by the addition of 300400 ml
60-80o0 petroleum ether, Yield about 16 g pale yellow needles. 14Pt- 10300,
insoluble in water, sparingly soluble in petroleum, and about V soluble in
cold alcohol.

ANLYTIM THOD

Ix aliquot containing not more than 0.25 mg BBO is placed in a large
test tube and alcohol added to total 20 ml, I ml of the I0 4,6-dichlcro
1,3-.dinitrobenzene soluticn in dic~an is added followed by 10 ml of the sodium
hydcoxide solutio and mixed., The colour intensity is measured in the Spekker
between 10 and 20 rins. after adding the alkali using the'No,5 green screems
and the 4 m cells. If the solution is allowed to standp fine crystals far!m
which are not readily dissolved out, hence special care should be taken to
rinse the Spekker cell thmroughly with alcohol after each series oC readings.

Dilute solutians of BBO in alcohol are unstable and all samples should
be analysed within 2 days.

Note:

This colour is given by benzyl cyanide as well as by phenyl-brcnoaetcitrile.
0.1 g benzyl oyanide gives the sae reading as 0.07 mg PIN, The proportin of
B.N in conmnercial BBO is not constant and the product also ccntains some benzyl
cyanide.

Ar initial cl.ouds, when the castituents of the vapour will be in the sa$e
topction as in the charging, the results can be' repcrted in terms of charging

C production BBC) but for persistent samples, the eonstituent of main
terest, namely BSN, is less volatile and the results will be more accurate if

reported on a FPBA basis,
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TY.CI, LIMATICUS

mg BO (70%, PRA) 0.0 0.01 0.02 0.06 o.jO 0.14,

Spekker reading 0.05 0,15 0.25 0.58 0.92 1421

mg Are MlgN 0,04 0.10

Spekker reading 0,45 1'0o

Note

Since aloohol is used as the sa pling solvent, the method given above is
suitable cnly for shcrt period sampling,

A less sensitive method in vhich alcoholic potash is the solvent is described
in M. 3.9.
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S USE

Carbon monoxide has been usedas a substitute in oases5 Whe a -true gas
unaffected by atmospheric humidity was required. It has also been estimated
in gun turrets and other closed capartments, I

(a) BY.Use of the,,Inftra Red Glas Analyser (U955)

IRfIGFlE 6F THE IVWH0D
Carbon mcmnaide absorbs infra red radiation and the heating effect produced

is measured c the machine,

OOLIZCTICK OF THE SAMU

No suitable absorbent is available for carbon monoxide. - It is collected
in balloonsp evacuated bottles,, or by water displao.ent from bottles or
aspirators, etc*

For trials to determine the effect of gun fumes in a turret, pill box,
etc. whece the main purpose of the trial is to compare two guns or two types
of shell, it was desired to know the ctneentration in the shell case' Rubber
caps have been made to fit over the cases from 17 1r and 20 pr shell, these caps
being fitted with a tube closed by a. screwv clip through which the sample can
be withdrawn for analysis when required. The shell case is oaught and
capped as it is ejected from the gun, so that capping takes place within 3
seconds of firing. This sampling techniquze is never used alce, but to confirm

differences which might be detected by analysis of the concentration in the
turret as a whole.

REAGENS

None,

A.NAL!TIOAL I0CH)

The sample is passed through a drying tcwer and an absorption tube to
remove carbon dioxide and fhen through the I.R.G.A. at a speed not exceeding
2 litres pfm minute, and the reading noted when this has become steady.

With ballocns the natural compression of the rubber ivill usual]y fcroe
the sample through the I.R.G.A. at about the cozrect rate., whilst frCrm bottles
etc. the sample is forced into the machine by allowing water to rum Into the
bottie at this speed.

CALIBRATIO

A tube with two taps with a measured volume of about I ml between the
taps (including the bore of each tap) is filled with carbon monoxide from a
cylindsr, allowing sufficient ine to ,Sweep all the air from the tube, and
finally turing off the tap next to the cylinder before turning off the other
tap to ensure that the pressure is atmospheric. The ends of the tube beyond
the taps are then purged by filling with water from a tube drawn out to a fine
Jet, after which the carbcn monoxide is drawn into an evacuated bottle of
known volume. This eoncentation is then pasoed through the T.R.G.A. in the
same way as the samples. 'A orrection is made for the temperature and
atmos3eric pressure when calcuiating the weight of carbon mcoide in the
standard.

Typical resultst

C (Wt/vol) 0,0 o.o2 o. oa. o.0 o

Reading 5*8 13.8 21.6 30.5
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0. , T= 'oX310 (omit' d

(b) Iodine Pentoxide method (1953)

PRNOC2RE OF TIM IMOD

Carbon nonjzide reduces iodine- pentaXide to iodine which is titrated with
sodium thiosulphate.

See (a) above.

* (i) Ohronic-sulphuric acid. 35 g chromic acid dissolved. in
100 ml water and 1100 ml cono. H2 S04

(ii) 1 -2 .

Water is supplied from a o6hstant head apparatus to a series f, 6 tubes,
each of which supplies one train, the rate of fla7 of Water ba.ng, pntrolled by
scrw clips. To each tube. is attached a lcag glass tube in a rubber -bung
which fits the sarple bottle, the cutlet fro= the bottle being a shoter glass
tube also fixed in the bung.

The sample displaced by the water passes through a train of reagents in
the following order (fig. 2)+.) 5-

(i) Small Dreschel bottle containing approximately 50 ml chromic acid -
sulphuric acid; this removes S02 and unsaturated hydrooarbcrs.

(ii) Small bead bubbler containing 20 - 30 ml oanc. HSO, heated to
apprcadnately 10000, This removes traces of imfur ty not removed

by.the first bubbler,.

(iii)Small tube of'caustic soda flakes to remove acid spray.

(iv) P205 U-tube to ensure ocsnletbe drying.

(v) Iodine pentoxide U-tube heated to 600G. This tube is filled
with alternate layers of glass wool and 12050 the latter being
graded 30 - 60 mesh,

(vi) Bubbler containing I - 2; KI to absorb liberated iodine.

The procedure is as follows:-

(i) Whilst they are heating a' stream' of air is drawn through the trains
by suc#icn from the bubbler end, to remove any iinprities or iodine
left in the apparatus,

(ii) The bottle is attached to the water supply and train by quickly
removing the bung and.'replacing with the fitted bmug provided,

(iii)By water displaoement, the sample is slowly pesed tirough the
train (razghly I litre er 30 minutes) until the ]C bubbler is
a deep brown ki. e, is easily titrmted with N/50 thao.).
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(iv) The sample is disconnected and air draNrnthrough the train for
a further 10 minutes. If the sample is heavy, care should be
taken to ensure that all the liberated iodine passes into the
btubblera It is soretines necessary to warm slightly the outlet
end of the 1205 tube.

(v) The bbbler is disconnected at the inlet end to prevent ucwking back,
and the contents washed 'out into a flaaki arA titrated Tdth N/50 thio-
sulphate, using starch as indicatar,

(vi) Pare air is drain through the train for the same time and at
the same rate as that used for the sample, the iodine liberated
estimated and a ccrrection made for this "blank",

(vii) The volume of water in the bottle (= volume of sample taken) is
measured (to nearest 10 ml)

I cc N/50 thiosulphate 14 2 cc 00.

Notes:

(1) When a fresh 1205 tube is rrepared, it is essential to check

it before use$ by passing a knwirn CO c cncentratia through the
train in the sane w y as a sample, to ensure that the full amount,
of iodtno is released.

(2) The 1o0 must be rered with chlric acid, not INO
2 5 3

(c) Use of the R.A.B. Detecto

Where an aplroximte result is suffioient and particularly in ocmparisu
trials, the R.A.E. carbon mcicide indicator is used.

This indioatcr, which was developed at Farnborough is very readily portable
and has the great advantage of giving an :Lamediate resuit.

The carbon monccide is absbrbed by silica gel, which has been impregnated
ith potassium pallado sulphite. and which changes colour frcn, canary yellow to

sepia. The length of the stain is prprtional to the amomt of carbon
mnoxcide.

-i,'
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8. CHLORD

USE
A non-specific method for the analysis of phosgene, chlcrosulphanio acid

etc.

1IRN:CIPL3 OF T- ....

The chlcride is titrated with silver nitrate, the end point being indicated
by means of a galvanameter and a reference electrode constructed to give the same
ETh as the titration solution at the end point (Pinkhoff Electrode).

AIMARATUS A ELC MRODES

The aiparatus consists of two cells* containing the two eiectrodes, Joined
by an ungreased tap, The larger of the tv-o cells is the titration cell; this
is fitted with a mechanically driven 1ropellcr type stirrer, and has a side arm
for filling and a drain tap, The burette is drawn out so that the jet is kept
belor, the level of the titration fluid (Fig. 25).

The electrodes consist of thick silver wire of 0.5 - 1.5 ma diameter and 1.2 -
2,0 cm length. They are mounted in the ends of glass tubes by means of Faraday
or Picein wax the latter being preferable. Copper wires soldered to the upper
ends of the eiectrodes are led out to the galvanometer. The wax seal must be
water-tight as any leakage will give rise to a spurious MR1 . The electrodes
are prepared by polishing or scraping with e clean sharp knife; once cleaned
they should be kept immersed in their respective cell fluids and never allowed
to become dry. Loss of sensitivity is cured by recleaning the titration cell
electrode; wiping with filter paper is usually sufficient,

The cell should always be tested before use by titrating a standard
chloride solution. With new electrodes several titrations may have to be
done before the electrodes 'bettle down".

In order to protect the electrodes from heavy polarising currents, when
the titration is far from the end point, it is desirable to mount a high
(ca 300,000 ohm) resistance in series with the electrodes and the galvancmeter
and to use a shorting switch to allav full sensitivity for the final stage of
the titration,

The Oambridge Spot Galvanometer identical with that used with the "Spekker"
is very suitable for use with this apparatus,

RE3AGMMT

(i) Referenoe Cell Soltion 10 g A.R. potassium nitrate and 14 g sodium
xcsalate are dissolved in distilled water 10 ml of Nornal silver nitrate solution

are added and made up to i litre with distilled water, This soluticn should be
kept in a dark bottle and should be well shaken before pouring into the reference
cell so that some of the precipitate is included,

(ii) Silver nitrate The silver nitrate solutions may be of any strength
from ON to OOOIN,

(iii) The sample siould be in solution in either dilute acetic acid or in
0.2-2W otassium nitrate solution made by dissolving 25 g NO3 in distilled
water up to 1 litre.

The titration cell electrode should always be kept immersed in potassium
*nitrate solution When not in use

* xMOD (ER2664)

The solution containing the ohlcride is poured into the titration cell,
acidified with dilute acetic acid if neoessary and the volume made up to cover
the electrode. It is desirable always to use apprcnimately the same volume
of liquid in the cell.



SECRET

The stirer is started, the series resistanoce switched into circuit, and
standard silver nitrate solution added until the ga,1vancmetor spot is approaching
Mero, The shcrting swritch is then used to out oat the resistdnoe and the
titraticm continued until opening and olosing .the shorting swItch has no effect
"n the galvanometer spot, 'This point may not exactly coincide with the
galvanomter zero owing to the existance of occasicnal mnall spurios f' s
in the circuit.

The"blank" is best determined by titrating various volumes of -standard
chIcride added to the solution used and extrapolating the graph back to zero

I5
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SEC

Ohlorine has been ued to test respirators for leakage, etc,

(a) B absopticti in arsenite solution and PotentiontIc titato (1.)

I=INOITPLE OF THI =-OD

The chlorine is absorbed in sodiu arsenite solutio .sb that it will an-
be converted to chloride without any hypochlorite forration, and the resulting
solution is then titrated potentiome'trically as described f~c chloride (see8 above).

oo0=TICN OF THIE SaLE

The sample is collected in bubblers charged vith 0,02 N scdium arsenite
solution.

This method was used vrhere it was desired to take the sainples at a maximum
respirat ory flw, i. o. an intermittent flw of 50 litree/nin.., and hence it was
necessary to use the large sintered glass bubblers. For high concentrations
two bubblers were used in series and the ;first bubbler was charged with up to
180 ml of. the solution according to the concentration expected the second
bubbler being charged with 60 m3l.

For 1 litre/min, sampling and lower concentrations miniature bubblers
charged with 4 ml of the arsenite solution are used.

RENTS

0,99 g arsenic tricxide dissolved by warming in a little concentrated
sodium hydroxide soluticn is washed into a graduated litre flask, 6M4 drop of
phenolphthalein is added and the solution titrated with.dilute sulphuric acid
till Just acid. 4 g of sodium bicarbonate dissolved in 500 rl of water are
now added (and if necessary to maintain its acidity to phenolphthalein,
another drop or t o of he sulphuric acid) and then diluted to 1 litre.

ANALYTIAL 3 IMOD

The bubbler contents with the addition of a little dilute acetic acid are
titrated potentiometricaly with silver nitrate as described above. For large
volumes of solution it may be necessary to carry cut the titration in instalments.

9 6 -
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CHTLR2JB (coctd)

(b) o-Tolidine m.ethod (1951)

PRflOCPZ CF TH IMXHO)

"Available" ohlorine gives a yel colour with .- tolidine,

OOLLCTIM OF TIM S2'0

The sarple is oolleated in bead bubblers charged with 15 n of 0.002 N
sodium hydroxide solution at a saipling rate not exceeding 2 litres/am. and
with a "slip" bubbler in series.

(i) 0.,002 N.NaOH

(ii) o-Tolidine (B.D.H. reagent)

(iii) Standard chlorine solution. Chlorine is bubbled through
water for a shcrt time and the resulting soluticn standardized
by taking an aliquot and titrating the iodine liberated from
potassiua iodide. Ahnother aliquot is then suitably diluted toabout 2 pg 012 per ml with 0.002 N sodim hydrcxide and used

for the calibration curve.

AN7TICIAL IETHOD

Within not more than I hour of sampling the bubbler is emptied into a
measuring cylinder, the contents of the second bubbler used to wash cut the
first and the sample and washings made up to 40 ml, 0.5 ml of o-tolidine
reagent is nav added$ mixed and allowed to stand for 3 n-inutes, and the colour
then measured on the Spekker using 4 an cells and the No.7 dark blue screens.

TYPICZ OALIERATICK CURVE

,ig Chlorine 0.0 4.2 8.4 12,6 16,8 21.0

Speldcer reading 0 0.11 0-235 0.375 0.475 0.57

Note

A method using o-dimnisidifie fcw the determinaticm of chlorine has been
developed by Mc~wen and Grant, Canadian Journal of Technology 30, 66, 1952.



(o) Rapid method using the .chl o ter" (1951)

PRINCIM PLE THE IM'HOD

The air sample is aspirated by means of a pumip of known capacity through
a solution of sodiumn arsenite, potassium iodide and starch. When all the
arsenite has been converted to arsenate, the chlorine liberates iodine from the
iodide and the starch iodide blue, colour is produced. L fleeting blue colcur
may be due to a local excess concentration of chlorine, so that no note is
taken of any colour which does not persist for at least 15 seconds.

This method gives the appraximate concentration very raptdly, and has been
used in chamber trials, before the trial proper, the concentration being
measured accurately later.

COMITIC OF TM- SIMMS

(see below under 'Tiethod" and Fig,26)

Pfa, GTS

(i) Stock 0.1 N arsenite. Ls in (a) above, but using 5 times the
weight of arsenite and bicarbonate.

(ii) !% starch solution.

(iii) Chlorimeter solution. 25 ml of 0.1 N arsenite solution, about
25 ml of starch solution, abuat 2 g of potassium iodide and
11 g of sodium bicarbonate are dissolved and made up to I litre.
This solution should be freshly prepared each week.

ANMYTIOAL TIHOD

The -p should be overhauled if necessary to sample the correct volume
of air. The reaction vessel should be well rinsed with the chlorimeter
solution but care should be taken that the inlet tube is kept dry. 10 ml

[ of the colrimeter solution are now added to the reaction vessel by means of the
ua~tontic l ette ai the sanple of air drawn through by means of the pup,

ni-ppng the rubber tub$ing mn each return a1taoke .. the - to ensure that no
solution is blown back into the inlet tube, The chloxrio concentration is
calculated fran the number of m strokes reqiroa before 'the blue colour
persists, e,4, for a 1 in i 000 centr~tion in the i00 m3 cha iber, with a
pump aspiratkng 90 Iml of air at eaba stroke:-

10 litres of chlorine are recuired

At 2000 71 g of chlarine occupy 24 litrom.

29.6 g are requred.

or 0.000296 gi per 14tre of chanter air

10 ml of testing solution contains 0,25 ral 0.1 N arsenite equivalent to 0.0009
g of chlcrine

Nmnber of punp strokes required- 0,0002 x 1 000

* 0,00026tt

Hence 1 in 10 p00 0 ' 34 prunp strokes

o I in I,000 3- 1 pump strokes

Where the number of pump strobes required would be either exessive
(very low conentrati'oz:) or insufficient for the accuracy required the strength
of the chlorimeter solutin can be varied aplioriately.
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io mm0nMMiCN I~
USEG

1 Ohlaroacetophenne is used in oases when a substitute is required, 4i4ch
'will be readily detected by human observers.

PRICIM CF THE 13THOD

Use has been made of the general test for methylene ketones lkoim as
'the ZiUaerman 'Test, - It cobnsists briefly of the reaoticn between the CH3 CO-
group and Xm-dinitrobenzene, v&ich on addition of KOH ]produces an intense red
c olcration,

OL 'CTIC C S1IV1IIS

Saxppes are cobllected in .bubblers containing 20%j glycerine in absolute
alcohol (vopVvol), Since the sampling stlvent is largely alcohol the method
is suitable only for short period samples.

R&GENTS

(i) m-Dinitro-benzene. The specificity of the reaction is dependent
to a large extent upn the parity of the m-dinitro benzene reagent,
vhich mast therefare be dealt with as follows:-

20 g pure m-dinitro benzene (m.p. 89 -89.500) is dissolved in 750 ml
95% alcohol, and warmed to 4000 100 ml 2N NaCH is then added and
the mixture cooled after standing far 5 minutes*

(Noie: Overheating c prolonged alkali treatment riust be avoided).

It is then poured into 2,500 ml water and the precipitate filtered
and washed with'water n a Buchner filter. After sucking quite
free from water, the substance is rearystallised twice, first
from 120 ml absolute alcohol, and then from 80 ml.

The rel-ltant dried material should be colcurless and of mrp.
90.50G - 9100. It should also be tested for parity as follows:-

Equal volumes of J alcoholic solution of m-dinirobenzene
and 2TNaOH are mixed. There should be no colouration at the
end of 1 hour at room temperature,

Treatment in this manner renders the product free from p-niro
substances and also from thiophene derivatives which give
colouraticns in alkaline solutions with substances other than
carbcymethylene groups.

(ii) Absolute Alcohol, Samples of alcohol containing traces of
acetone and aldehydes give blank a olours suffimiently high
to impair the sensitivity of the method. It has, been found
necessary to purify the alcohol by distillatiOn first over
potash and then over m-phenylene diamine.

(iii) ' aqueous KCH.

The bubbler contents are made up to a convenient volume with alcohol
containing glycerol, a ouitLile aliquo-4 of not more. than 5 ml is taken (if
necessary made up to 5 ml with the alcohol/glyoerol) and placed in a "wtet
bath at 3000. 0,2 -ml' of 2% m-dinitrobenzene in absolute alcohol is added.
5 ml of 69 aclueocs KOH, also at 3000 is then added and the mixed souticn
maintained at this tenperature for 5 nduates.

- )- 9 -



i SEC TXP

The oold= is masured in the, pekk r using tho No.,5 groen filtrs , and
tho conoontratim of chlcroabotophcnone dot tmined by reference to the dalibratimi
curve*

Typical Oalibrati an

rg N 0.0 002 0,04 0.06 0.08 0.10

Spekker reading 0,02 0.10 0.18 0.25 0,32 0.40

I0

- 50 -
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CH 0LOROPIMMl (PS) (wre j2~46)

Ohlcropicrin gives a violet colour with p naphthol and qrotanaldehyde in

the presence of caustic soda.

OOLOTICM OF SAJIM

Samples are collected in bead bubblers charged with 15 ml absolute alcohol.
Xn order to reduce the losses due to "slip" at 10 3/min., two bubblers should
be connected in series,

10- GNS

(i) 3 g P-naphthol and 2.5 g orotonaldehyde dissolved and made up to
100 ml with alcohol,

(ii) Y/ aqueous sodium hydroxide

(iii)Absolute alochol.

MH0D

F The bubbler contents are transferred to a 50 ml graduated flask, the
bubbler washed out twice with 10 ml water and then ance with 10 ml alcohol,
and the sample made to volimie with alcohol (i.e. finish with 60 alcohol).

25' ml of this solution o other aliquot are made up to 25 ml with 6C%
alcohol, I ml of the P-naphthol-crotonaldehyde reagent and 2 ml of % NaMH are
added and mixed. & blank is prepared with 25 ml of 601 alcohol (15 ml alcohol

4and 10 ml water) and the same quantities of the reagents, The mixture is
alloyed to stand for 10 minates and the colour produced by the sample canpared
directly with that of the blank in the Spekker using the No.5 green filters
and the ay ropriate cell.

Not more than 10 samples can be matched against one blank as the colour
begins to fade after 20 minutes,

Notes I The estimation should be carried cut as soon after sampling as
possible to avoid deccmposition,

2 Colour development is not reproducible for amounts above I mg
hlcrJirin (a Spekker reading of about 0.50 with the 1 cm cell) so that

above this the estimation should be repeated on a smaller aliquot.

OALIERATIC

0.5 g chlcropicrin is weighed out in a sealed bulb tube, which is broken
in about 100 ml alachol, and the mixture washed into a 250 ml blackened graduated
flask and made up to the nmark,

To 5 ml of the solution are added 3,3 ml water and the volume made up to
500 ml with 601 alcohol also in a blackened flask, Suitable aliquots are
treated as above,



SECP

Typical curves

3 cm cells.

mg Chla'op'rn 0 -o,1 0.2 0.3
Spekker reading 0 0,24 0,48 0.71

I Cn calls,

rg Chlcropiorin 03 0.5 0,7 0.9 1,0

Spekker reading 0, 8 0;,29 038 0.46 0,5

Note

Possible alternative methods fcr estimating ohlcropicrin are:-

1. The rescrcinol, potassium cyanide, pyridine method used in the Q.W.(.T.
Mck.5 -P/412 (V.6439)

2. Oxidation and :.poducticn of colour with sulphanilic acid and ethylene
diamine - Feinsilver and Oberst, Anal. Cher,. 1953, 25, 5.
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12., CH1ROStU.EMIa ACID

USE

Ohlorosulphonio aoid is used -for smoke production. Estimates have beenrequire of the amount of chlcrosulphcnic t'oid (a) falling Cut of the cloud as

gross liquid droplets near the source and (b) in the cloud downwind of the
source,

PR3N CIM~ OF THE IOD

The sample is titrated for chloide and fo total acidity, and the amamt
of dhlroszlphonic acid alm-lated, or the sample may be analysed far chhcride
and for sulphate.

(a) Far the grossiqujid ontar-ination near, the sprayer (:prxe 1946~)

COLLECTICK OF SM]MLX

Samples are collected in 32 oz. vide-neck bottles, which can be fitted
with ground glass stoppers and which contain a one inch layer of purified
dry sand, The sand is purified by first washing with acid to remove soluble
salts, then thorough washing with water till all traces of acid have been
removed and finally thorough drying.

As socn as possible after the spray, the bottles are stoppered.

MMOD

100 ml of water are added quickly and the stopper imdiately replaced.
The mixture is allowed to stand for about one hour till all imes have
disappeared) with occasional shaking,

If the amount in. the saple is small, so that the volume of acid as
compared with 100 ml can be neglected, an aliquot can be taken directly from
the bottle. For heavy samples, the contents are filtered washed and made
up to a standard volume e., 250 ml. and a saitable aliquot taken,

Titration is carried cut Yith 0.1 N sodium hydrcdde using 2.5 dinitr6phenol
as indicator (phenolphthalein can be used if the alkali is carbonate free);
this gives total acidity. N nitric acid is then added till the acidity is
0.01 N and the chloride is titrated with O.1 N mercuric nitrate using dihenyl
carbazone as indicator.

The HOISO3 present is calculated from the chloride titration.

The free SO present is calculated fron the difference between the total

acid titre and the calculated HCISO3 .

i.e. Titre tor So3 g toal acid titroe 3 x 0' titre

(b) For estimation of the smoke

C0LLCTIC!K OF ~

The smoke is absorbed on a filter (a double cone filter containing filter

paper) backed by a bubbler charged with distilled water.
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SECRE M

MM0D
The filter paper is placed in a conical beaker to -which the bubbler

contents and washings are added, and a few minutes are allaved fca th &id
to extra4

Either 'two separate aliquots are taken and one is titrated for total
acidity to B.D.H4 4,5 indicator and the other for chlacide, or the whole
extract is titrated with standard NaOH using 2,5 dinitrohenol as indicatcr
and the aoidity then adjusted with.aoetio acid' 'and the mixti r tiatoa
potenticintrically for ohlcride (q.v). .

-54-



13. CYAN1

cnenoX

A ncnix-speoifi method which has been used fcr the analysis of hydrogen
cyanide and of GA. •.. . ..

PINCIPLE OF THE IT HOD

The cyanide ion(produced by hydrolysis if necessary) is converted to. CRBr,
the excess bromine is destroyed, and the CNBr reacted with pyridine and benzidine
to give a colour.

COILCTICU Oy THE SAIUtN

The pample is collected in bubblers charged with N

PEAGENTS

(i) NNaGF.

(ii) 2N Acetic acid (120 ml glacial acetic acid made up to 1 litre with
distilled water),

(iii)5o Glacial aoetic. acid.

(iv) Saturated solution of bromine in water,

(v) PyridiTe reagent - 25 ml of freshly redistilled pyridine and
2 ml oco. H02 made up to 50 ml with distilled water,

(vi) j.5' Sodium arsenite in water.

(vii)y/Benzidine in ptwe alcdiol.

AALYICAL WJ2HOD

An aliquot of not more than 5 ml, oonteza:ing between 0.002 and 0.02 no CUI
is placed in a tube graduated at 10 mL. The aliquot is neutralised and made
slightly acid by the addition of a calculated quantity of acetic acid, either
2N or ON (50 glacial) strength as convenent so that the total volume does
not exceed 5,9 ml (Note: the sample should be made acid only immediately before
analysis or same HCK may be lost).

0.3 ml bromine water is added and mixed, and the mixture allowed to stand
fo 2 mrnutes.. 0,50 ml of 3.,9 sodium arsenite solution is added and mnixd
and the mixture allc-fed to stand for a further 2 roins. 0.80 ml of benzidine
solation and 2,5 ral of pyridine reagent are added and the solution made up to
the 10 ml mark with distilled water, mied well, and allowed to stand for a
further 10 rains, The colour is then measured in the "Spekker" using the 10.6
light blue screens.

Notes:

(1) The amount of sodium arsenite added must be sufficient to discharge
all the colcur of the free brcnine,

(2) Stfrct adherence to the time schedule is essentiaL

(3) The solutions rost be mixed thoroughly, either by using a glass
mixing rod which is left in the solution far the whole period, or by flicking
the tube. The thumb or finger must not be alla'ed to come in contact with
the solutini

,(4) With two operators, batches of 12 osmples can be prooessed with
1 minute intervals between samxples and a 15 minute interval between batches,

The aalibration is carried cut on a standard solution of potassium cyanide,
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SECiEJ

14-CMANCG CHLOR11t

(a) U o Method (1951),

0yanogen ohlrid6 is hyarolysed by alcoholic soda and the cyanide and

chloride titrated together by Volhard t s method in acid solutia,

COLECTION OF TIM W Z 1

Samples are collected at suitable fl v rates (from I to 40 litres/rin.)
in sintered glass bubblers ccntaining 100 ni I alcoholic sodium hydrcuide.

RFELGMTS

(ii) o.1 N*.CNs

(iii) Ferric alum solution

ANALYTIOAL M HOD

The bubbler ccntents are washed cut into a ccnical ftlask with distilled
watero acidified with nitric acid and a few drops of ferrio. alum solutic added,

20 ml of 0.1 N wilver nitrate solutio is added, and, after shaking to
coagulate the preipitate, the excess is back titrated with 0.1 N potassium
thiocya rate

i ml 0.1 N.AN0 3  6.15 mg C0It.
'
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,14 . OYO0GEN CaLORIDE contid.

(b) 11crcNKthod (1951)

TRflCIPLE

Cyanogen chloride reaoe -with pyridile in the esence of a m~a. emount
of benzidine hydrochloride to giie an intense reddish colour,

cOLE0TIaN OF TIM S1,1-lE

Samples are collected in miniature bubblers oontaining 2.5 ml of a'
solutic: of 0.j g bei'zidine hydrochloride in 100 ml of pare fractionated

y pyridin 4i Any evaporated pyridine is replaoed after sampling. The samples
must not be allowed to stand fcr more than 1 hour before analysisi

(i) Benzidine pyridine reagent - 0.1 g beizidine in .100 ml pure
fraotiaated pyridine,

(ii) OcnO, Wel.

The sample is made up to 10 ml with benzidine pyridine reagent, and to

the whole (or a suitable aliquot made up to 10 ml with the reagent) is added.
0.5 ml cone. hydrochloric acid, and the tube placed in a boilingw ater bath
for 1.5 to 2 minutes.

After cooling, 5 rl of distilled. w&ter are added and the colour measured
imneditely in the "Spekker" using the No.5 green screens, orin the 'Unicam at
a wave:lsngth of 515 en o te a

A solution of cyanogen chlcride in absolute alco6hol is standardised by
the Volhard method (above)., diluted, and aliquots treated as above,

Note:

Solutions of cyanogen chloride (e.g. in cyclohexanol) can be analysed by
the indole perbcrate method as used for G gases, but a suitable sampling. .-
technique for this method has not yet been found. (The slip of cysnogen
chloride t1kouh cyclohexanol in a miniature bubbler is excessive.)
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15. DIC LORO DIML MM(O 946)

Dioh1oro diethyl ether is used as an innocuous substitute when methyl.
salioylate is unsuitable or unobtainable.

On heating dicloro aiethyl ether with pyridine to 950Q, a-Y-flow 001or
is oduoed.

OLITION OF THE S1J2ZAU

Samples are colleoted in bqbblers oharged with 15 pl pare pyr 5 , and
fitted with smll soda-line guard tubes, Sarpling dluration may be up Q
30 rins. under teperate oorxlitions,

(i) Zle, redistilled pyridine, fraqtion 11.3 - ivoq14,

(ii) 9, soluticn by volume of above, in vater.

(iii) 0.2 N sodium hydroxide solution.

(iv) V) Gum ghatti soluticn prepared by suspending 2 g gumi.n' a
muslin bag in 1 00, ml water overnight, and filtering before use.

The bubbler contents are washed into clean, dry 25 ml cylinders with
pure pyridine, up to a volume of 19 ml. i ml water is then added from a
pipette to give a: final concentration of 951) pyridine. The solution is well
mixed, and a suitable aliquot portion, (not more than 1/2),is placed in a
clean dry tube, and diluted to 10 ml with 95, pridine.

The tube is then placed in a water bath maintained at 9500 for 120 uVdn.
It is then cooled, 0.5 ml gum ghatti solution added. the tube shaken, and
0.5 ml 0.2 N NaCE solution' added. follwed by iediate shaking.

The yellvf colour is read off after 10 mins. in the Spekker Absorptiometero
using No,7 dark blue sreens.

MLIRLACK aWEV

This is prepared by weighing pure DER. into a flask, and diluting with
9Z pyridine. Suitable amunts of this soluticn are then used for preparing
a calitraticn curve by the method given above,

I typioal calibraticn murve done in duplicate gave the following readings

mg E0 .02 04 .o6. .08

Spekker reading 0,0 .08, .08 .14, .17 .24, .245 o285, .27

0. 1 041 0.2 0.4 0.6 0.8 1,0

Spekker reading .305, .32 4P, 47 .57,.59 .68,P70 -i761.6 .8.!

Above 0.4 mg DEE# the curve becomes rather flat, and the aocuracy is not
very great.
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SEURSE,: 16, DYIE (i954)

Ii __

Dyes are used a-s charaeterisers, They give a rapid visual assessment of
the position and degxee of any liquid contamination.

They show the aa~mnt of -aonfsudnatioin which wculd have occurred if there
had been no losses >r evaporation, hydrolysis, etc. (unless the loss due to
eaporation is so g"A- that the droplet has completely vapcurised and thp dry
dye blows away) and -by comparison of dye content and agent cotent of' the "droplets
a measure of these Losses can often be obtainedo

SMWTICK OF THE DUTUF
The particular 4ye used is, 0elected for:-

(a) Solubility and stability in the ,gent

(b) Oolour in onatrast with natural colours (Reds are therefore
usually Preferred as giving the greatest contrast with green
grass.)

(p) Stability to light and cn stagep on the sampling material -

paper enve:Lope, woollen felt, or turf.

(d) Lack of sobiltty in water (rain or dew effects),

(p) Ease of exzaeoticn f rom the sanpling material.

(.f) Intensity of eclour,
in the past, 00- Y'ellm and Waxoline Red Lhave been, used extensively. Oil

Yellow is apweolably soluble In many agents. including rmstard.gas, but it has
a very poor colour unttl acidif ied and it proved unsuitable f or measuring stain
sizes. It 'is also Egmewhat volatile and tberef are has poor storage properties.
Waxoline Red is not very soluble in most agents.

lit pesent (1 95) the fo!l!Ning dyestuffs are favoured:-

For GB: Violet' Dye CLayton TT3809 (This is the unsulphonated base of Fast
Acid Violet.A._R. Coiour Index No-758).

This dye is at Least 207 soluble in GB and can be 'extracted fraa paper
and woollen felt pads by methyl cellosolve. It gives spots with a sharply
defined edge (an papea) and is therefore very suitable" r measuring drop size,,

It is not very Oast to light (although it can be exposed to winter sunlight
for 15 hours without loss) and therefore papers should be removed to the dark
as soon as possible adter a trial. This is not so important With felt pads
as the thiokness of 'the pad gives powe protetction.

This dye is not easily extracted fran turf,

For 1.tjL: Orasol Re&. I

This is one of -1e few dyes which are very soluble in methyl acetoacetate,
The methyl aoetoaoeta-te should be kept in a glass container as long as possible
and charged into meta-l only Just befcre the trial to avoid the productiax of a
colour from the reac:Aon of the lvftJA on the iron, which could be ocaifused with
the orange or red dya.

Orasol Red B is =aadily extracted by industrial spirit.
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For PIS: Waxolino Red

The pads, papers or turves are extracted with co1b, chlorof orir.

CO~3TIN~OF TO~ M~I=

The sample is collected on sampling envelopes, felt pads, turf, etc.
-(see Sectioh' II, 3 above) or an cascade impator slide.

M1 CENTS' I= MTHOD) OF IJIALSIS

(a) Violet Dye Olayrton T!P380

Reagent (i) liethyl oellosolve

(ii) Acid cellosolve "' 90 ml ,methyl cellosolve
10 ml cane, sulphuric acid

(iii)Acid cellosolve "B" O ml methyl cellosolve
10 mil AcidS cellosolVe "A".

Recovery of cellosolve The used oellosolve is allowed to stand over quickline,
filtered and then distilled over copper powder with a little ferroas sulphate.
Care should be taken' to :prevent the ' istill ion gcoiug too -far, as cellosolve is
liable to peroxidise and explode, The porticn, distilling between 11'6 and 12000
is suitable for re-use,

Paper or felt pad Each unit is soaked in 225 ml of cold methyl oellosolve until
the dye is extracted. 'This recuLires at *least.* i hbur, with frequbnt shaking;
heavily contaminated pads may require soaking overnight. The extract is filtered
and to 45 ml of the filtrate are added 5 ml of acid cellosolve "A". .Either this
solution? or a suitable aliquot diluted with acid cellosolve "B", is used to
measure the colour an the Unica SP.3%0 :Spectrophotometer at a wave" length of
535 milli isc. ,,.

Turf: The turf'is soaked in 4.50, ml of cold methyl oellosolve for 48 hours,
-7--occasional shaking the turf being broken up as far as poss'ible. 'The
extract is filtered, and to 45 ml of the filtrate are add.ed 5 ml of acid cellosolve
"A". The ztre" is re-aliquoted end diluted with acid cellsolve "B". The
oolour is then measured an the Unicam at both 535 i* and 430 r, and the amount
of dye estimated by means. of a nmogram,

(b) Orasol Red B.,

Th& dye is extracted with industrial spirit, using 200 ml for pads or
envelopes and 500 ml for turves, and the colcur measured on the Unicam ,at a wave
length of 520 lip.

(o) Waxoline Red

The dye is extracted with chloroform, using 250 ml for at least I hour for
pads and envelopes (if papers are damp they may require soaking .overnight), and
500 ml for turves with at least 2 hours scaking,

The colour is measured cm the Unicam at a wave length of 525 r.,a for iads
and envelopes, and for turves at 525 nja and 654 rp using a ncgram.
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Preparation of, Calibraticn ourve

The clibration ctiuve should 'be prepared fromr the actual charging used
in the weapoon and not from a sapple of pure dye as this -will allo, for any
interference from the agent itself, from reaction, with the case of the weapan
and for' any innacouracy in the ipreparaticti. When turves are inoluded in the
samples, the nomogram should be prepared vith pharging which has been diluted
with an extract from a blank !turf similiar to those out frr the samples and
not with pure solvent. Ycr..ery he.avily contaminated turves, the sample

extract may require dilution with fresh solvent to such an extent that the
interference of the green colour is negligible and in this case the nomogra-.
will not be required.

WIJUION OF 1 NONGPRI: F(M THE CGOMRUST.lRIO 3TflhAION OF ONE DETUFF IN
TO GRBLSENCE OF 1KAOTR

In order to estimate the cmicentration Pf red cyestuff in Ipresence of a

green one measurements of the op1ioal. density ar -made at two wavelengths. It
is known that the scale reading of the instrument used is proportional to
concentration, far solutimr- of the red dye eane. It, is believe& that, this
is true also for the green dye, and that the two do not interact in solution.
In these: ciroxastanqes the dansity reading yill, le the sum, of cotributins
from the two dyes peparately.

' At wavelength,)' then, -,

and at

_X2

where 1, X9 are the scale readings at 'N 2 respective , and f are the
specific absorptions of the red dye,-.y, and y2 the specific absorptions of

the green, r and g the amounts of the red and green dyes respectively, and
o-is a constant depending, on the instrupent and depth of liquid measured.

Eliminating the uuknmvn, g, which is in any case not required, gives

I, P Y/777HX1,T X2 3

The constants in this -equation can-lie measured., butt it is Srob6b-y better to

treat it empirically. It may be written

r , AX. - I 2

then if meaSi~ements at and 2 are made on a few mixtures, containing tnown

amounts of red dye, good average values. of A and, B can be obtained by the method
of least squares. This will to some extent take acoont of- small deviations
from Beer' s law, etc.

.. . . . . . . . . . . . . . . . . ..I . . . . . . . . . . .



For instance, if twio pairs of solutioj =re -made coe' pair containing, a
knomwn cocenmtration say r. of red dye but differ ing (unkncvn) concentrations
of gre-en, the other containizZ4a known conoeitration, ,ay rb of reddye but

Again, differidg ' eintration of green and all four solutims afe mbsred

L • .(-r• " . i

2

t Pomogrr. is oanstructed as follos:

3 parallel vertical lines .are dran, These 1i be, reading fratm the left
say, the X, r and X2 scales. The distance between the X, and r scales must be

B units (eg. if B - 2, I inch '= 2 x 0.5 inch would be ocnveniaep) and that
between the r and 2 soales, A of the same units (e.g. if A '= 10# 5 inches

10 x 0.5 inches). Two parallel lines are drawn cutting the first 3 at right
angles, at a distance apart equal to the desired length of the X scales

* e.g. 5 inches).

The intersections are marked:,as, fol I:

Upper line and X, scale X 3j-o

Lower line and 11 " --

rI f "X 2  x2  *0

The X scales are subdivided linearly.,

Now C4 =iad , BAflw is caloulated mben . 2 ~iad'0 1 ~/

This point is marked on the X scale and Joined to X2 1, The intersection

with the r scale is r '= 0. Then X is oal iie When X2 =0 and r '= 10:

X, 'S IO/A. This point is marked ,and joined to X2  0 0. The interseotin is

rj' 10 on the r scale, The tvo-pinte r * 10 and r '.0 are nod knvn -their
distance apart can be masured- and the r scale subdivided.

The starting points here here been chosem to oover the range known to be
needed.
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1 7. E CL O LORO A0 .E ,, "V

USE H

Ethyl ohloroacetate has beein used as a substitute for GB, being very
similar in some of its physical properties.

I: PRINOIPU

SThe ethyl chloroacetate is hydrolysed and the chloride estimated.

COLECTICN OF TBE SAI E

Vapour samples are collected at 1,0 /min. in bubblers charged with a
solution of sodium hydroxide in water containing I1 of absolute alcohol.
This gives a lower and Zre uniform "slip" than using aqueous sodium hydroxide,

;; REAGENTS
(i) 0,002 N silver nitrate soluticn, freshly ,repared each day by

dintica from O.O2 N solution.

(ii) Oanductivity wter,

(iii)Aqueo s acetic acid (501 by vol.).

M THOD

The bubbler contents are washed out into a round bottomed flask, boiled
under a reflxx: condenser for 30 nn,_ cooled and the chloride titrted
electrorietrically after acidification wi th 2 ml of 5 . acetic acid.

I ml 0.c02 N AgN0" 0.2 .5 M EGA

A blank determinatian is made for each batch of samples, This blank varies
according to the aliquot taken and is largely due to the-impurities in the
sodium hydroxide,

* Noto:

Care should be taken to avoid. contaminaticn by adventitious chlorides,
e~g. on Pwtcn ranges positive results were obtained vditb shells charged
distilled water fired into the ground upwind of the bubblers*
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18-mn PA OQM (1952)_

Perric chloride has been used as a ncn-toxio smoke.

Ferrio chloride gives a ble colour with thioglycollic acid in -arzi acnial

solutionq

0OULTOTION OF T=1 SW03LE

The smoke is sampled. on ane Whatman -No, 4, paper in a double cie, filter by
aspiration, at either I J/mnx4 a' 10 1/ninute,

PWAGENTS

(i) Tioglyoollaci (9C%)

(A)' !inte hydz'6hlorio acid (iit/Water 1/27)

(iii) Dite aninonia (NH (0(.880)/6ffater ii

ANALYTIOL 1 MOD

The paper is ext'aoted with 20 ml dilute hydrochloric acid with occasional
shaking for 3 hours or mcre, and the extract filtered. 15 ml of the filtrate
are pipetted in-to a .1" boiling tube and 5 drops of thloglyool:lic acid added.
The rzixture is ,shaken) and 5 ml 1/1 aamonia. added and. again shakon well,, iAfter
allcaing to stand for 10 mins,, the cociua is measured on the Spekker using the
yellow green screens (605) and the approaiiate cell.

Blank tests should be carried out en unused filter papers,

TYPIOAL U1I! AI5I CUMVE

Obtained by using a solutian of "inalar" ferric alum:

.g Fe" 1i.1 22.2 33.3 44.4 55.6 66,8 09.0

Spekier reading 0,12 0.23 0.3 '0,44. 0.55 0.66 0,'o

Note:

1: 10 phenanthroline, ivhioh is expected to be a more sensitive reagent
for Fe*', has not yet been tested.
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p(a) By- e rtoetr io titration wi*th thvriuL nitrate (1933)
PRINOrP2LE

A solutin containing fluoride ion is titrated with thorium nitrate in a
glass tube contairting a dropping mercury electrode and a mercury pool. with a
pobenbial of -1.46 volts applied (a little :more negative than the half -wave
of thoriau nitrate), The current remains almost cmistant until all the
fluoride ion has been removed from solution, after which it increases shax)ly
in direct proportion to the excess of thorium nitrate in solution.

G compounds are first hydrolysed to give the fluoride ion, the solution
neutralised and the phosphorus com.pounds whioh would interfere with the
titration pr.eoipitated by the addition of an excess of silver nitate, the
lattber being pecipitated in turn with potassim chloride,

flLONTS

(i) N KOEI (for hydroly7si6)

(ii) Di2+te fo 3 (pH 6.5)

(iii) 0~,1 IT '! o~

(iv) 0,1 N i) 3

(v) 0,1 N ENO

(vi) 0.05 1,1 Th(N0 3 ) in 0.1 N IWO

(vii) oo 17 m(No) in r. N MO

This is illustrated in Fig, 7 and details are given in P.T.P. 342.

T M-0D (for GB)

0.2 to 0, 3 gram of GB is weighed into a small flask, 10 ml of N KOH
solution is added and the nmxture allowed to stand for at leai 10 minutes.
One drop of Universal Indicator'is then added and the solution neutralised
with dilute nitric acid (P 6,5), and made up to 100 ml or other suitable
volume.

1 ml of the hydrolysed G solu ion, estimated to contain between 10 and
800 gg of fluoride iom. is measured from a mieroburetta'into the titration cell
(a 3 1 by " specimen tube) folloed by 1 0i7. ),1 N AgN0 3, 1 ml 0.1 N KIOl, and

I nil 0,I.N 1N0 Clean mercury is added to the titration cell to a depth of

abont 11' and the cell is placed in the burette stand. The drOloping msrouryj
eJeotrode) the contact wire to the mercury pool, the air stirrer tube and the
burette are plaed in posion The instrument is set to apply 1.46 volts
across the cell, the '1baodng out" resistance Is adjusted, if necessEry, to
bring the galvanometer to a low reading, and the sensitivity control adJusted
so that the vhole of the titration readings may be mde on the galvanometer
scale,



SEMST

A'dditics of 0,05 TvJ. of standara thoiuri nitrate solut:Lc are made,
(using 0,01 LI for -uani .I up to 100 pr off fluoride ion ared 0 m fc,

quantities expeoted to be groater 'than this). 1 ,fter each additians the
solution is stltrea by blcv4ng a little air through the stirrer tube from
a bl= -bulb and the galvananater reading taken as soon as it has become
steady, The readings are plotteA. against volume of titrant and the
intersection of the two strAght lines wa'o&ced gives the eidp oint,

II

Note:

! method using a "High Frecjuency Titrmineter" has also been used for the
estimatimn of fluoride ion in GB, where about 0 3 g of the sample was aVailable.
Details are given in P.T.P.231,
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Fluoride (conttd.)

(b) By Thorium Nitrate and, Solochrore Blue (i 94.6)

, ~PR\TC I'=

-n a saiole of a fluoride is buffered to jI 3.0 and titrated with
thorium nitrate in the pesence of solochromo blue, a blue lake 3.s formd
at the end-point and is matched against a blank containing a trace of thorimun
nitrate.

COIlZOTIN

GB vapour is collected in bubblers containing N sodium hydroxide.

R kUUTS
(i) Dilute perchlici acid 1 0 or

(ii) Standard thorium nitrate 0.004 - (552 mg Th(N0 3 )4, i 20 in 1 litre

of water.)

(iii) Solochrome .rilliant Blue BS 0.0g solution in water

(iv) Chlcroacetic buffer - 22.7 g monochloroacetic acid 'in 103 ml
of water. 50 ml of this solution are neutralisea with 6N N."a
and this is th-en added to the remainin. (unneutralised) 50 ml
and the combined portier made up to I litre,

IFIROD

A suitable aliquot containing less than tOO ig of F1 'is taken for titrat!mn.
This is placed in a Nessler glass (standing on a white tle), and made up to
50 ml vvith distilled water, -henolphthalein is added, follwed by perchlorl o
acid until the pink colour is Just destroyid. 1 ml of dye solution is added
and then more porchloric acid solution until the yellow colour of the dye just
changes to pink. 0.5 ml chlorcacetic acid buffer is then added.

To a similar Nessler tube is added an amount of caustic soda solution
equivalent to that in the sample tube, and this is treated in a similar manner,
0.1 ml of 06004 N thcrium nitrate is then added, charging the colour from pin1
to bluish purple.

The sample is then titrated -with the 0.004 N thorium nitrate fran a micro
burette until it exaotly matches the colour of the blank. 0.1 ml (the volume of
thorium nitrate added to the control solution) is deducled from the burette
reading and the net reading referred to the calibration curve.

Owing to personal variation in Judging the end point, the calibration curle
should be prepared by the saim operator at the same time as the anal~ysis of the
samples,

Typical calibration curve:

Yg F uoxlze 5 10 20 4+ 60

ml 0.004 thorium nitrate 0.25 0.40 0*72 1#39 2,00

For modifiations of this methoa for

r - see R 2,54

Methyl fluoroaoeta' e - see F.R 2556
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SECRET

20. ~RUA

USE

Farfiral, ontaining 1G of carbon tetar-chloride to reduce the risk of
inflaming, has been used as a substitute where it was desired to show v±sually
by the change in colour of the solution in the bubblers the extent and the
magnitude of the concentrations produced,

PRIN0IM OF 9HE TMETHlOD

ForfU.nal gives a deep red oolour with aniline acetate.

COLIiTICK OF THE SA.E

laniature bulblers oharged with 5 ml of a 10I, solution of aniline in 50/50
glacial acetic acid/water and operated at I litre/min. are used to sample
furfural.

ANATICAL IOD

The depth of colour is proporticnal to the amount of ftifuralP but the
colour begins to fade after about 5 Tdms. -and is appreoiable after I hour

This rough visual estimatio has been sufficient for all requirements up
to date, bul the method oculd probably be made quantitative by sampling in
acetic acid and then adding the aniline in the laboratory and measuring the
colour at a fixd'-time after this additicn.
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_ _SECRET

(a) By cyanide (GA) (1948) 2.@I2§

The sample is collected .i bubblers char-ged with N NaCU. An a~ibt to
conetain be-tween 0.01 and 0.12 mng GA is taken and anaJyaaS--Nf cyanideb (see 13 above).
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SE0R

0, Ag~ents (oontld,)

(b) By phosphate (1951)

This mthod estimates the total G agent including any decompositio products,
so that if used in conjunction with the dianisidine method (see below) a. measure
of the amount of hydrolysis can be obtained

C0I10TICN OF TE S; I'

The vapour is collected in bubblers charged with N NaW,

IMAGMNS

(i) xNNamI

(iU) 5NH2So4

(iii) JC% amonium persulphate, 10 g (I1)2 S208 to 100 ml vith water.

(iv) ,851 sodium molybdate Bolutiot.

(v) 4 stannous chloride. 40 g SnOl dissolved in 86 ml cono, HlC

and made up. to 10O ml with more conc, H01 if necessary. This
solution should be kept in the dark and not be stored for more
a month.

(vi) W1; stannous ehlride. I ml of the strong solution diluted to

200 ml with distilled water. This solution should be freshly
made when required and nob kept for more than an hour or two.

HOD

A suitable aliquot is used as follows:-

5 ml aliquot to contain 0.01 to 0,08 mg
2 ml " " 0.01 to 0.08 rE
1 ml " " I0.01 to 2.0 mg GD

0.01 to 5.0 mg OB cr GE

For 5 ml or 2 ml aliquots

The volume is made up to 5 ml with N NaCH, in all" boiling tubes 2.7 ml of
5 N H20S4 (to neutralise arA give 2 ml excoss) and I in-1 of iO/r aanimn persulphate
Wro -Zdeid and the tube p~hre& in a b eiling water bath for 30 mins. The tube is

washed out into a tube graduated at 8 ml and the volume made up to 8 ml. I al
sodium molybdate solution and I ml dilute stannous chloride solution are added

and the mixture shaken (Note: The temperature should be between 1500 and 4000.
The molybdate and stannous chloride solutions should be blan from pipettes into
the main solution to give good and innediate mixing,) The colour produced after
5 mins. is measured on the Spekker using the red soroens.

For 1 ml aliuots

The aliquot is placed in a 5/8" tube graduated at 8 ml., I ml waicnium
persulphate is added and the tube placed in a boiling water bath for 30 mins.
If necessary the :ixture is diluted and re-aliquoted. 2 ml of 5 N H2S04

are added to the mlixture diluted to 8 ml and the above procedure carried ut.
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Typoal Calibratich OJurve

The calibration curve is -repared using potassiu. dihydrogen phosphate
A.R... I to 5 ml of an aqutxw soluti-on beig boiled, cooled, acidified yith
2 ml. 5 N H2S04 , diluted to 8 ml and treated as above, '-Thls okwe can then be

used to check the parity (by pbosphorus content) of the liquid G agent.

,ug P 0 2.,o .0o 6.o 0,o. -1.0.0 I.5,0 20.0

Spekker Reading .08 .-19 -305 '42 .54 ,65 ,91 1.14

Note: A similar blue colour is given by arsenic and silIcon which may be
obtained in traces from some types of glass. All boiling tubes, test tubes
and should therefore be treated with sulphuric acid, anmaoniu persulphate etc.
until they give a reasonable blank reading.

Modification vdhen the sample is takenin j orqmni (1952)

For some purposes, e~g. the collection of liquid drops, it is impr, acticable
to take separate samples for analysis by the phosphorus and dianisidine methods,
In these cases the sample is collected in isopvopano! and the G content determined
by the t fo different methods on aliquoth from the same solution. Thus, with
dyed GB droplets, estimation of the dye, GIB by phosphorus, axnd GB by dianisidine
has been used to determine the degree of evaporation and of hydrolysis.

To an aliquot of not more than 2 ml of the isopropanol solution, I ml of
1V0 ammonia (I vol. NN,CH .880 plus 2 vols water) is added, the mixture shaken
well and alla, ed to st'and for at least I hour, It is then placed in a boiling
water bath for I hour to evaporate the isopropanol and if necessary topped up
with water to maintain the volume 4t, abou., but not above I: ral. I ril 1 0 a monium
persulphate is added and the mixture is replaced in the boiling water bath for30 rains. If necessary it is diluted and reliqu~ted.. If the whole sample has

libeen taken, 1.0 m! .5 N H2 SO. are added; if half has been used, 1,9 nL- 5 N A 2 0 4
I are added (to give a total of 2 ml of acid. includi~ng that frora- the persulphate).

After' dilution to 8 mtl, the estimation is ~ontinued rw above
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SECRET

G agents (cont'd.)

(o) 11aoro method foa phosphcrus in G compounds jL

This method is suitable fcr quantities of G agent of the order of 0,2 gj

IMAGMTS

..)Sodium Hydroxi4g.AAR.

(ni) rusion mxtura- equal parts Nat 00 and XC 00
23 2 3

(iii)Nitric acid WG 1,2 900 -a onxe. I103 and
1200 m-l water

(iv) Anmionitu nitro molybdate - 30 g am.monium nolybdate dissolved
in 200 ml water and added gradually with constant stirring to
200 ml nitric acid,

(v) M~agnesium mixture, .55,g magniesium chlorilde and 100 g aancium
chlcride dissolved in water 'and diluted to I litTrb.

(vi) Amoniacal amIoniura chloride solution 50 g MCl dissolved in
water: 100 ml. 0,88 a.monia added and diluted to I litre with
wator,

(vii)r/ Nitric aoid solution

(Viii) )%0nicii soluticn,

(ix) 10/1 Am.tionia dcdlutic n

(x) Amnium nitrate,

About 2 g sodium hydroxide are. dissolved in as little water as possible in
a platinum crucible. A definite amount of G agent (about 0,2 g). is weighed
into this crucible and allarled to stand to hydrolyse. Lbout 3.g fasion' mixture is
added and heated very gently at first, till all the water has evaporated, and
then mcre strongly tili the mixture has fused and decomposed the G agent. After
cooling, the contents of the crucible are dissolved in water and washed into a
beaker; 50 ml nitric acid (SG -1.2) and bbcut 7 g anmnonium nitrate are added
and the mixture heated to 75 - 8000, 50 ml arm, onium nitro no463date are
heated to 75 ; 8000, and the two solutions are mixed and allm-red to stand over-
night, The temperature at the time of pr'eoipitation raist not exceed 8000 or
some molybdic acid will be 2roduoed.

The ammonium phosphmolJbdate is filtered off and the precipitate washed
several times with nitric acid solution. It is then dissolved in as little
10% amnonia solution as possible, washing the filter paper with - ammonia solutiua ,
and re-filtered if necessary. To the clear solution 50 ml of magnesia mixture
are added gradually wmith constant shaking, and the precipitate allowed to stand
overnight.

The mixture is filtered through a No.42 or 44 Whatman paper, and the precitAW e
washed well with the azmoniacal ammonium chloride solution, The paper is trans-
fered to a weighed platinum crucible and ignited gently at first, then mcre
strongly and finally reweighed

Ocnversion factor; 1g?207 x 0.2787- 2P
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SECRET

G~ agents (cont'd.)

[ (d) By dianisidine (1955)

This method is comparatively gsipifia for organio p1 osphcrug-flucrine
compounds and is used to deterrmne undpop.,xsed a gas.,

In the presence of hydrogenpQro xde, q gases react with amines of. the
dianisidine type to give a brown colour. The method is very sensitive to'
iH; in strongly alkaline solutions the colour is developed quickly and f ades
quickly; in sligh y alkaline solutions it develops very slowly, A I1 of 11 7 has
been f ound to be the most satipfactory for stability of colour. The method is

also affected by changes in the temperature of: the reagents and by impurities
which are normally lmesent in bulk supplies of acetone, so that the, aoetone used
has to be urif ied careUlly.

OOLECTIQK OF TIM SIAE

The vapour is collected at 1 3/min. in miniature bubblers which are graduated
at 25 ml and are charged with cyclohexanol containing r methyl cellosolve '(aihylehe
glycol mono methyl ether). 2 ml of solvent is sufficient for sampling up to
10 mins. at temperatures from 35 F to 90 0F but for longer periods or more extreme
temperatures 5 ml should be used, as &an be noted from the following "Slip" values

Sampling bf GB in miniature bubblers charged with oyclohexanolcontaining 5
methyl oellosolve % sl "

With 2 ml solvent.

Te x rature: Time of Sanoling (i.ins.)
1 5 15 .0.

4o : 4 9 14 15

500 "4. , .2 '14
6 10 14

770 4 7 23
970 " 4 9 17 34

With 5 ml solvent:

°0 8

500 2 4 7
77 e 3. 9
970 t 2 3 1.1

Note Sampling, of GB at high flow rates:--

In cases where it is desired to sample the -GB concentration at a high flow
'ate (e.g. to sinulate human breathing rates, or to avoid taling a fracticm from

a high-rate flow line) either large sintered glass bubblers or solid absorbent
tubes may be used.

Large bubblers are charged with cyclohexanol solvent as usual, an aliquot
of not more than 5 ml taken and the analysis oarried out in the usual way.

Solid absorbent tubes are charged with impreguated silica gel, prepared as
follows:-
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The gel is sieved (sieve v 18 rosh per inch) and all fines-rejc6 od in,
order not to introduce a high resistance to the air flow. 10 g of this gel
is placed in 500 ml of 1% p6tassiuW dihydrogen phosphate solution and the
solutic gently heated to 5000 with stirring to etpel ai bubbles. The gel
is then filtered through a Buchner funnel and air-drled c the funnel for .5 mins#,
then dried in an oven at 15000 for 2 hours.

Using 3 g of impregnated gel in the solid absorbent tube samples ma'.be
taken at flow rates',up to 20 litres/mnm.

As GB is unstable on noist .silica gel, 'the 'tubes should be stored in a
sealed container or in a desiooa-cr until required and'the.samples must be
extracted ibmediatey after sampling. The silica gel is emptied frcm the tube
into a flask ocrtaining 15, ml of acetone buffer pH 5.5 '(2,72 g 14210 in i litre
of water and I litre of aoetone added and mixed) 0 Aftew extractica the solution
is filtered and a suitable aliquot of not more then 5 ml is then analysed by the
usual method (see below)

(i) St.ok Buffer .40 gA.R4. Kf2 PO )tol li31tr e in
22.5 g t;.-% CM distilled -water

(ii)Buffer f or.use. .i I vol. of stock buffer, 1t vols. of distilad
water and 2.5 vols, of purified acetone..

This diluted buffer should be kept away from strong s=3lighi* and should
not be stored for' more .than 7 days, Storage temperature not less than
1500.

(iii) Hydrogen peroxide - i%, H 2 02,

(iv) Dianrsidine Hydrochlcide 1 1,3 g to 100 ml in distilled water,
This solution should be stored in the dark and for not more than
7 days.

MTests for purity of acetone - see below

PROEDME

imnediately before each batch of samples is axalysed, 23 vols, Ij vol. i v
and I vol.i~Mare mixed, 20 samples fcrms a convenient batch, so that normally,
460 ml i, 20 ml.t and 20 mlit are used. The inlet tube is removed from the
bubbler and the latter filled to. the 25 ml mark with this mixed reagent# The
inlet tube is replaced 3, cr 4 timest allwing to drain in between, in order to
wash out the cyclohexanol from the capilliry. The inlet tube is again removed
and the bubbler contents throughiy mixed, using a glass rod with the end flattened
to a diameter a little less than that of the tube, The prooess is repeated with
the other samples of the batch & 1. minute. intervals, This procedure should be
carried out first on a 'rblarktl 2 ml of cyclohexanol which is then used to fill
the Spekker reference cellsi, The QoIcur intensity of the samples is measured
exactly 10 rains, after addLng the reagent to the bubbler, using. either the 3 cm.
1 c., 0,5 cn). or 0,25 amn. cell as apropriate and Spectrum Violet 601 screens,
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On cold days, care should be taken that the temperature of the reagents
does not fall below 1500, and under hot canditicis the reagents should be kept
in a cooling bath to keep them below 2500.

Notes

(i) The following solutions have been fbund useful fcr checking that the
efficiency of the Spekker is unchanged:

A, 0A7 g A.R. K2 0r 207 per litre

B, 0,35 g

; 0.1,75 g

(2) The Spekker lamp should be switched n It rj ins, before use, in order
to befome stabilisea,

(3) Batches of samples should not normally exceed 20 as the 'blark"
develops a colour sloly and it is advisable to empty and refill the. reference
cells not more than 30 mins. after the reagent was first mixed.

(4) The method is interfered with by traces of methyl acetoacetate and
also by impurities commonly .rxesent in acetone,

'Burification of Acetone

100 g Mai0 is added to each 5 gals and allowed to stand with occasional
shaking fcr at teast 10 days. The mixture is then distilled through a reflux
head,

Tests for parity of acetone

(1) Agu3haats Test

Reagent - 2.45 g K2 0r2 0 7 in 375. ml cano, HNO] (No2,-free) and 125 ml
distilled water.

Test ", 6 ml reagent and 2 ml acetone are mixed at roam temperature, .B)lue
or viole, colour shows imlrities. The mixture should be allowed to stand i'Stmns.
before reporting absence of coloura

(2) Pertamanate Test

0, 1 ml 0.1 N ElnQ 4 and IQ ml acetone are mixed and allowed to stand in the
dark for 16 hours, No decolarisation should be shown.

(3) Silver Test (Tollen's Test)

Reae AgNO5 3 g, "NeX 6 g, aimmonia (0,88) 60 ml, distilled water 240 ml.

If any turbidity is noted, the solution should be filtered and if any furtherturbidity develops a fresh solution should be IreparecI4

Test - 10 ml acetone, 10 ml distilled water and 2' ml reagent are mixed and
allowed to stand in the dark for 30 mine,, and the turbidity measured on the
Spekker using 3 cm, cells and neutral (grey) screens, If the Spekker reading is
mare than 0,05, the test is repeated with now reagent and, if confirmed,. theacetone is rejected.
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(e) (955)G agents (cCrit1:L).

M'INCIM

In the prpsonpe of peroxide and- in controlled alkaline conditions sril
quantities' of G gases react ;ith indole to pro oe a fluoresoent oompcund6
Larger quantities of G gases give dyes of the indigo type.

COLLECTION

As for G by dianisidine viz. all-glass miniature bubblers charged vdth
2 ril of solvent (cyclohexanol containing Y of ethylene glycol yagnomethyl
ether) and operated at I litre per minute. The cyolohexanol should be of
good, quality,,.dry,, and dialbl betwee 158 and ,6i 90,.

E1ANTS

(i) Isopropeno2/water. :~I 1 nixturwe of AR isopn'opanol and distilled
water. The distilled water should be boiled to expel carbon
dioxide, if necessary, so that its 1B is between 6#5 and 7,0, and
then cooled before adding the isopropanol.

(ii) Solium perbarate solution, 1 g sodium perborate in 100 nl ater,
This solution can bo stored in the dark for up to 4 days.

(iii)Indole solution, 1 g indole (white crystals) is dissolved in,
purified acetone. This solution if stored, in the dark, is
stable for about I week.

NAMTTIO, $MlOD

The faucrimeter should be switched on 30 mins, before it will be require4,
and the setting of the neutral density wedge should, be checked before onaencing
analysis, using a siandard fluorescent solutio and the standard reading on the
"helipot" resistor, and moving the wedge if required.

The reagents are mixed in. the t opartins 23 mli in lra and i ml UI,
sufficient mixed reagent being prepared for about 20 samples and several blanks
in one batch. The bubblew is made up to the mark (25 l) with the 4mixed
reagent, the inlet tube washed and" the solution, mixed as in the'dianisidiie
mthod. Irnediately after, mixing., the solution is poured into the fluorimeter
cell and placed in position in the instrument, and the "holipot" resistor is
turned until a null point is sheen on the calvanometer, the cmcir.mn reading
recorded n the "helipot" being noted. The time from adding the mixed reagehts
to reaching the maxirun reading is less than 2 minutes, so that there rust not be
any delay at this point. A blank test is made using the same reagents, but
without any G agent.

The amount of G agent present is found by refeence to a calibratio curve,
which should be prepared on the same day as that n which the samples are
aua.sedu

iNOTES: () The cheoking, of the position of the neutral density wedge can be "!. edout using any suitable flurescent-solution. lmcng those aotual used..
have been: "

_Vaseline-xylene A flucinater cell is filled with a solution of vaseline
in )lene, of such a strength as to give a suitable reading, the Cell is covered
with a cover slip and sealed with shellac to prevent evaporation, This solutim
deteriorates slowly and should be checked against another standard at intervals.
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Fluoescein A strong solution is reasonably stable, but the dilute
soluftic required is stable only for a few hours and should be prepared by
diluticn from the strong solution at frequent intervals (4 or 5 times daily)

(2) 4 modified technique has been used occasionally for GB, in which,
the maximar reading is not obtained until about 10 rins. after adding the
mixed reagents (which are varied from those used above) and is thus saitale.
fcr batch working. This is described in P.ToP.272.

CIZIBRATION

L: typical calibration is :- 12....

;.g GB 0.0 4.17 834 i2.5 16.68

Reading 33 127 235 337 140

hen it is desired to measure amounts of 0.4 .ig GB, a more dilute solutionwould be employed than was used in obtaining the results quoted ab ove,
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(a, lacro liethod (i954)

The ILebig method of titration with silver nitrate is erployedo

COLLCTIN OF THO SI T-

Samples are colleoted in bubblers charged- with NprgJ caustio -sOcda solutic.

(i) 0.1 N 1o 3

(ii) Q.02 N AFYo3

The sample in washed into a beaker flask and titrated direct with either

0,1 N Ag1NTO3 cr 0,02 N I4gNO3 to the first trace of turbidity. The end-point is

made sharper by adding a crystal of potassium iodide to the solution.

l0o.o2 N gNO3 - 0.0008 g HOCN

(b) Nicro Method (1 954)

This has been described under Cyanide (see previcus pages).
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23, flNSMl0 1I0IML SMA0I S

(a) DMT and WO

(i) .By I 2 qjyuble ohc.rine cfttnti ( 1952)

The' method depends n the dehydro4hAlogenation c tliel insectici& by,
boiling with alcoholic potash, the chlcride being estimated potentiometcallya

0COIC~lN OF TIZ SAIM

The samples are taken in filters fitted with two lavers, of No. 1 What mn
filter paper,

(i) AR benzene (dry)

(ii) AR %alodclia potaih

(iii) Obleride-free distilled Water

-(iv) %,IR acetic.oid

(v) 0.002 N silver xrttrate

(4,vi) lbsolute aloo (ch io frce).

I'M,-OD

* The papers are removed from the filter and extracted -with, dry benzene in
a Soxhlet for half an hour, The benzene is then distilled off down to about
3 ml, 5 ml Y alcoholic potash and 25 ml absolute a3nohol are then aded- and
the mixture refluxed for 20 mns.f the solutian afterwards being evaporated to

* abut 5 ml

fXter cooling, a few ml of chlcride-free distilled water are added, foll owed
bY 5 ml of V acetic acid and the solution washed into the special titraticzn cell
The chl ,ide is then titrated with 0.'002, N 14O as dsicribed previcsly (see
Chloride)..

Iml 0.002 N AgN0.. 0.,071 mg Olt

The ap! mcliate ocaversin to t g DDT cm- 1Gaomeane is then -made acocding to
the- hydro2ysabl'e lchlcrine ontent of the asamyp.e. (Although D contains 5 atomas
of chlorine in the molecule, only one of these is hydrolysable, representing,
about 10% of the weight of the molecule. In the case of IC, three chlcrine
atoms are removed on hy rolysis wvith alcoholic potash -giving a hydrolysable
chlorine content of 36.6).

The inmprities present in technical samples wil also contain hydrolysable
chlcrine, and this method i.s aocurate anly to ,the extent that the i rities are
present in the smoke in the same prcprticn as in the original sample,
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Notes

(1) A'blank (2 papers) bhou'l bbxtracfed and treated in the sare way as
the samples, and this blank value allowed for.

(2) Heavy sarples tend to block-:tbi--filter. paper and care tst be taken
to ensure that the flow rate is constant V1roghbt the sampling period,

(3) It is important that the alcoholic solution should not be evaporated
belo' about 5 tol, otherwise the molecule may break up fbw-her, ad ercoais

tesrtbe obt4ned.4.

(ii) By Polarogaph . ".

-(, ') 'BI {19 + (.;....

OIXTITCN OF aE am,

As above.

1MTHfl E

The sample is extracted as above but using alcohol instead of benzene, and
the extract is dissolved in a solution .of 1% potassium chlcrida and 0.1 gelatine
in 50/50 ethanol/water. £ suitable aliquot of not more than 5 ml is placed in
a j-eviously calibrated cell containing a quiet mercury pool- ad, a saturated
calomel element (Doran dip type).

After de-oxygenatian, a polaro .am is taken between -0.5v and -1, v, the wave
height and sensitivity noted and thej'resdlt read, off frc.i the oalibr-Awin curve.
A calibration between 0.04 (50 pg) and O.0O% (500 zg) has been shon to be
linear.

OSOIC T...

As above.

LEMOD

The jpa- are exttacted in a Soilt with alcohol for hal ag hur$, the
alcohol then distilled off almost to dryness, The extract is dissolved in a
solution consisting of 601 isopropanol and 40/ of 2.'5/o tetramehylammncium citrate
in water ana containing a trace of gelatine. A suitable aliquot of not more than
5 ml is placed in the cell with a dropping mercury electrode and a quiet mercury

After 'de- cacygenation, a polarogran is taken :teen .-O."5v -'hai .6#, the

wave height and sensitivity noted"and he result read '6ff an -the daibratien
di e, • • ' : " - . .. '-.

A calibration from OO 5 to-0.:0 has ben l*ePred.

The technique used above for Ganmexane with the quiet mercury pool replacing
the.. droppi itieury eledtrode and'als6 usirg, a sa.turatea oa-' el elecrode, may.
also be moredovenie n -for :f but' has n6t eew- teste.



flXSETIODAL SHORES3 (cont' a.)
(b) IV0 (Vte, 1946

Caustic soda reacts Ath WOO to give a distinctivo colur, reacticrr.

00U1OMIM OF THE Sianz

Saxxples are taken on No,j Whatnn filters as described f'cw DT.,

i) Absolute alcohol

(iU) 5%VadE (fresh,y rppared)

Th6 samples are extracted in Sokxlets with absolute alcohol, and, after
cooLing, are maide up to a known voliuie Yrith acohol.. A suitable - 2quot portica
cof the extract,. oontaining 'between 0.05 ibnd 1.0 rig Thi0b, is diluted to 10 ml1 in
a dry tube with absolate alcohol.

1 ml _rf a~juea.1s sodium hydroxide is added and the colaur read off :iediately
in the Spekker:, -using No,7 dark blue f'ilter~s,

TYIOAL 0IAICUI

mg IN00 0,o5 0.10 0.2 0.Z40 0.60 0.80

Spekker Reading OAj5 0.25 0.435 0.65 0.77 0,88

Notes

(1) Clean~ redistilled industrial spDirit may be used f'cw the extractioni
instead cof absolute alcohol if' the calibration curve is made with the same solvent.

(2) in. iodilnet'ia method for WOO is gi31 ' Nnistry cof Agriculture and
Fisheries Technical Bulletin No.1, but this has iiot been tested at Portbon.
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24 MASE SUUMT

USES

Manganese sulphate solution has been used as a substitute weApn charging,
in cases where it was desired to use only a very small amount of charging and
therefore great sensitivity was required in the analytical method,

PRINCLE OF TIE THD.

The manganese is oxidised lo permanganic acid which is then reacted With.
tetramethydiaaminodlphenylmethane to give a blue colour, ..... . ..

OL.OTICR Or SAIVko'-

Samples are collected at approximately i 1min. in all-glass miniature
bubblers, charged 5 mnl special distilled water (see below). The bubblers and
all glassware are 1reparea for use by washing first with dilute hydrochloric
acid, then with tap water, and finally with special distilled water'

ANALNiSIS.

Reagents

All reagentk are W#fid to be free. of q anganese . *

(i) Glass-distilled water is used in all bperatici', and for final
washing of glassware,

(ii) Tetramethyl diaminodiphen.Yi"t ethane ("TetrabtLs") 1solution
in acetone, ipelpared fresh daily.

(iii)Saturated solution of potassium periodate in w*ter, 2prepared

fresh daily,

(iv) Redistilled glacial acetic acid.

(v) Buffer soluticn:

100 g sodium acetate )
4 g sodillm phosphate )
4.g calcium chloride ) disspolved in 54 ml water.
5 g sodium carbonate )
5 g sodium bidarboate)"

20 g calcium carbonate are added and the whole is autoclaved at 1200 0 for
3 hour.

The mixture is filtered hot, and the filtrate made up to 1 litre. 50 ml
of the solution is titrated with glacial acetic acid in a i meter to iE 4.8.
The calculated amount of glacial acetic acid is then added to the whole bulk
to bring it to this #.

4 ml acetate buffer is added to the sample in the bubbler, and the nside
of the stem is washed by blwing into :he side arm so as to force the liquid
up the stem. This operaticn is ropeated to ensure that any manganese salt
iLpinged an the inside of the upper part of the stem is washed into the bubbler.
The stem is removed and drained as far as possible, and the contents of the
bubbler mixed with a glass rod plunger. The bubbler is placed in an ice-water
bath for 10 minutest then 0.5 l potassitum periodate solution is added and rixed,
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J ril O,i% souhtion of totrabase in acetcne is addedo the solution again YzLxed
and the oolor read at maxiram development in a Spokker Absorptior.etor using
Spectrmua Yellow 606 filters. A I qr4 cr onr. cell is used according to the
aparent depth of colour obtained,

If a reading in exoess-of 9i8 in the Or Cde is' xpectod, an aliuot

portion muAst be taken, diluted to 5 ril with water, and treated as above,

TYPICAL OALIBRATICN

ag langanese 0.0 0.025 0.038 0,063 .0.10 0,40 0.30
Spekkar Reading )0.3 o 05 0.13 .5 0.2 35 0 86-I Ofl o:, ell "'" ; " :%-

pig iangonose o0,20 9.f~0 '60 .80 1.00 11. 5 -0 2-.0

Spekw, Reading 0.14.5 0.26 0.37 0.445 0.50 0.635 0.72
0,25'cM 0ell -,

NOTES

(1) Wh h the smaller size Spekker cell is used the calibration is a curve

and not a straigh-t line.

(2) In viv of the extreme sensitivity of this method, it was found advisable
to spray the whole layout with water before the trial to reduce the possibility of
dust being sampled. The bubblers were also protected by filter paper caps
until irneediately before the trial. Also, in order to reduce the risk of
extracting manganese from the glass, the bubblers were not charged until the
day of the trial.

(3) A method developed by J.A. Adam (Chei cal Inspectrate Report No.72)
using leuco malachite green instead of tetra-base, has several advantages over
the above rethod.

The buffer is sinpler and does not require tedloas processing, including
autoclaving and the colour develops to a maxirm.. which is stable for at least

10 rins., whilst in the above methbd a fleeting maximum has to be observed and
measured. 1s roorwondod by Adar; the range of oonoontraticms of manganese
meaaured by the nethod is very similar to that of the Porten test, but the
rmethod can be, made. een- more sensitive by reducing the total volume used and

reducing the strength of the buffer solutionp as given below:-

REGENTS

(i) Buffer. 25 ml of Analar acetic acid and 8,2 grams anhydrous
tlnalart sodi.um acetate made ur to 1 litre,

(ii) Periodate. 0.115 g potassiua pericdate in 50 ml,

(iii) Leuco base, 0.05 g leuco Malachite Groan dissolved and made

up to 50 l in acetone.

METHOD

To the sample of manganese in 5 ml special distilled ivator, 2 nl of buffer
are added mixed, then I ml of periodate is added and mixed, and the sample
allowed ') stand for 5 r,%Lns. Then 0.2 ml of leuco base solution is added and
mixed and. allowed to stand for a further 30 rins. before the colcur is read in
the Spekker, using the I an cell and the Ilford 607 orange filters.
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The following calibration curvres wjre .ob6t4ned:

X Un "Spekker Reading " ear "
0.0 18.5 22 i9 20. 20
0,01 39.5 43 38.5 41.5 40.6
G.'02 5N~ '625 57. 56.-5' 574.2
0.03. . 81. 85 3,,. 78 , 8.1
0.04 99.5 10 .5 100.5 94 0.,4
0,05 119,5 118. 116. 112,5 116,5

For sa es e:Qooted,,to contain more than 0.05 ug,;';n either aliquoting,
or reverting to the use of the strcnger buffer soluti6n would be necessary.

With this extrema sensitivity, greater care must be taken vAh regard to
the cleanliness of apparatus, the Vurity of reagents and distilled wamter, and
the prevention of' contarinaticn of the samples by dust, etc.

. . , C . . .
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I1M an0A- TB a (1951)

h hs A very similar physical iopertiea to'OB ard is
used as a substitute,. ...- " :' '

Tie methyl. acet6aoetate is coupi6dawith diazotised 2.5 didhlctoahiine and
.: mrade a~kalinP to give a brovi ish colour. "i

COLLoTIa OF TIM 'M

MA vapour is sampled at 1 litre per minute in miniature bubblers chargea
with 5 ml of water. The "slip" is f .10, minute sanpling periods at 60 °P .

FMGENTS... .

(i) Diazo solution: 1.6 g 2s-5,dichlroani.ne ana 6 ml, of.cone, Ol are
placed in a 1 00 .1l beaker, 5 ml of water added'and warmed gently tuuil the
whole of the base is onverted into hydrochloride (a white paste). This is
stirred gently vith a glass rod, a further' 20 Yl of Ttater added ,heated and
stirred till all the hydrochloride has dissolved. The soluton'6should be pale
straw colocured,' It is cooled rapidly with stirring in an ice and water bath
to bel, 1500, and a solution of i g sodium nitrite in 5 ml of water added,
The nitite soluticn should be added quickly with stirring and not allowed to
touch the sides of the beaker, or back coa4:ling iJ4JI ocuir, The solutiom is
filtered from traces of insoluble fiatter into a dark bownm bottle and stored
in a cool place out of direct light. The solution should remina stable f r
at least 4 hours.

(ii) Isolpropanol - NaCH, 220 ml isopropanol, 100 ml N NaCH and 90 ml water
are mixed and stored. The solution beeomes discoloured on standing in contact
with ;ibber; hence rubber ocnnections should be ke t to a -miniq, .

SPMXIAL APIRaATUS

The isotrqpoanol - NaCH reagent is charged into the apparatus shcrn in

0.5 ml of aiazo soluticn is added to the bubbler contents from a pipette$
and mixed.

20 ml of the isoproplnol - NaCH reagent is added as quickly as possible -
from the special autumatic pipette, and mixed The first filling of this
pipette should be run to waste to clear any reagent that has been in contact

with rubber, The glass tube extensicn is fitted into the bubbler to deliver
the isopropanol - NaCH solution to the bottom of the bubbler, The pipette
emptying tap is opened with one hand to discharge the contents rapidly into
the bubbler and the bubbler is moved quickly up and dcmn irmaediately afterwards.,
using the other hand,
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05The red coloar obtained is road on the S ekker ibsorptioraeter using the,spectru blue 603 filters, against a blank solution prepared frora 5 ial of wa ter,

0.5 nI of diazo solution, and made up with isopropanol - NaCH from the automatic
pipette. Readings are mame I n.nute after additicn 6f the reagents, using the
appropriate Spokker cell according to the oolour.

If the colour is too deep to be read in the 0.25 cm oell (i.e. over :700 ;g
i&i.). the 0. 25 m cell can be used. and the range, extended up to about 1 0, 000
jg III4 With these grat~r quantities, h-mveverl' the reaction does. not obey
the Beer-LaIrbert law and the amount of :11.," has to be found by referbnce to .a
calibration curve (which is not linear).

0ALIdMTIC!,

Typibal results are as 'rollrs:- .

)Xg fIMV. 7 14 28 57 85 143 285 428 57.1

Nett Spekker) 3 cm 0 115 ",23 '0,45 0.89

Reading cm '0,i6 0.33 0.46 0.80

0.25 cn 0.20' "0.J,4' 0.59. 0,79

IvLd 1,406 2,W0( 4,200 5,600 '8,409

Sipekker Reading 0.0' 0.39 0.55 0,68 04
0, 25 na cell

Notes (I) 'The a6uracy of the Mae+hod depends on the technique of adding the
re ents and mixing the solution, and operators shaild always have some practice
in the analysis using kncwn samples before proceeding to examine samples froma a
trial.

(2) If any apparatus which has been used for 12i. is to be used for G
agents, very special care should be taken to Nvash it thgouZ1hy. since a trace
of MA interferes seriously vith the analysis of 0 agents by, the dianisidine
method,
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USE

Yethyl salioylate has been used as a substitute for tustaxd gas, 

When phosphi-tungst-molybdio reagent is added to a phenol and treated with i
sodium carbonate, a blue colour is produced, proportioal to the amount of
phenol present,

COLLEOTION OF TM SimIE

Samples are collected in bead bubblers containing 15 Til OA I Nami.

In scrue cases a filter is fitted-in front of the bubbler to exclude dust,
and in these cases, sampling is continued after the cloud has passed to ensure
that any droplets of methyl salicylate have evaoporated and are not left on the
filter in droplet fcrm*

(i) 0.1 N NaaM (O.1Wg aolution)

(ii) Phenol reagent: 100 ,g sodiu tungstate (Na WO.) and 25 g sodium
molybdate (NaJIoO4 O)are dissolved in 700 ml water. 5& nl syrupy (85%)

phoshoric acid and 100 ml cone, lB0 are adr9ed, and the mixture reflaxed for
10 hours'using a reflux condenser with a gcound glass joint. 150 g lithium
sulphate, 50 Ml water and a little bromine are -added and the nmktare boiled
for 15 rins. to remove excess bromine. It is then cooled and diluted to
100 MIl

The reagent is yellow, but should not have any green tinge..

*I(iii) Sodium carbonate solution: 15 g Ila 2 003 (anhydrous) in. 100 ml water.

AN.LYTIOCAL VMHO0

An aliquot of the sample (ocntaining not more than. 0.1 mg i) is transferred
to a tube and made up to 10 ml ivith 0,1 N NaC6 if necessary.

1 ml of the phenol reagent is added and mi)do then 3 ml 55 sodium carbonate
and mixed again. The tube is then placed in a water bath or incubator at about
3700 fr 20 mins The blue colcur is read on the Speiker using the No,2 red
filters i blank determination using 10 ml of the same 0.1 N NaCQ and all the
other reagents is made with each batch. of deterrinaticns and the difference between
the two readings referred to the calibration.

Notes (1) Sufficient 0,1 N NaOH should be prepred to fill the bubblers and
carry cut the analysis, i.e. the whole procedure should be carried out with the
same solution.

(2) The solution should be mixed with a glass rod; the thunb should
not be plaeed cver the tabe,

OAINUMON

A fresh oalibration curve should be prepared for each batch of phenol
reagent. Since this reagent deteriorates slowly with storage, a few points
on the calibration curve should also be checked with each batch of determinations.
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(a) By DB-3 (1954)

PIOULE OF TDr 1-MMOD

The active a~kyl halogen SrpijV of rviustord gas couples -vith MB-3( pntobenzyl pyxidine) to give ar Th-ie or violet 0olcur When mraado alkcaline.

COLIECT]ICM OF THE SIOl'

11-11-glass rmature bubblers oharged with 5 ral of cyvlohmcoo1 containingSmethyl cliosolve and operated at I litre/mmi. are used.

The slip varies Nvith the tizae and temperature, of 'samiping, as shavn in the
table:

T I en Sip
Teperature Tim of Sanplin (U9 .

OF____ 15J 45. 60 120

70 3 5 5 7
90 3. 10

(i) 0 yo .hexanol, onrtaining -9/4 methyl 'oellosolve.

(ii) Ilbsolute alcohol.

(111) 10/5 W/V-M-3 in absolute alcohol.

(iv) -Buffe& solution: 0.33.. 9 phthalic acid and 3 ml N NaCE s oJlutlon
in 100 rl of solution.

(v) 2erchlcarate buffer. To 100 g of roerysta.1lised. sodium per Ichloratom,50 ml- buffer solution is added, the mixture warried to room temperaturoand then diluted toI r.11 .l ith watero'

(vi) 2Lperidine.

l~AIMTIQL ITHD

IrdMeate2r ]Prio' to0 analysing a batch 'of samples, a "lmited reagent" isprepared in the following proportionis by volune:

2,5 ml oyelhezanol

7.5 ml absoluite alcohol
2.0 a flB-3 solution

2.0 ml Perchlorate buffer

It is found conrvenient to process the saimles in baltohes, of 30i in Whioh case
the aboive quantities should be multiplied by 35 to allJ.r fcr wastage.



To each bubbler, 14 ml ef the. "mixed.reagent is .acldedfronan autcnatic

pipettes t e bubbler sten washed in the bubbler coliterts by repeated dipping

and draining, and the solution then thoraughly =.ed by means of a plunger
stirrer, which is left in the bubbler for further use.,

The bubbler is theni plcd i rater bath thexriostatically. controlled at
800for 30 xinutes, cooled by stani4ng in a: cold water -bah 1 lof ipeiine

is added, the content a', are well mdxed by means of the glass rod plunger and the'

Iresultant oola~r is m~esired irraediately in, the Spekkceir 4LbaoztibEiter, using
qthe Sectrum Yell& 606 screens and the appropriate cell, eitherMP30 r 10 rxi,

5 r.n or 2.5 m according to the depth of colour.

S If the- olour is too deep for the 2. cell, (i.e. the dosage--(Ot) is a'~f
{50 ng.min/p) the colour can be read using the special 0.25 mai capillary cells

(these capillary cells' have a detachable front surface which is removed fcr

-o leaning and refilling, and are supplied by liessrs, Tintcmeter Ltd. of Salisbtxy).
With these cells, the Spectrum Yellov 606 screens oqn be used fcr readings
corresponding to dosages up to about 6 000 mg.mi/p,. Should-the amouunt of
rustard gas in the sample be even greater, than this the Spectrum Red- 608 s reens
can be used'fcr dosages up to about 16,000 tgrai'ra but in this oase, the n
of H YAll have to be found by reference to the calibratian curve.

A certain amount of practioe is required in filling the capllary cells
quickly, beforb the dolour begins to fade; hence, if high results are expected
from any trial, all operators *should carry out ca2bration Purves with these
cells before analysing the samples ..

O TES (1)If the perchlorate -has not-been efficiently recrystalised, b!Oth
this solutican and the iixed reagent nmy require filtration befcre

* ~~~~use# .--- - - - -

1(2) Th t.xed .reagent rust be porepared fcr each batch -f -samples;', it
mst not be stered =ixed.

j(3) The final volume of 20 ml waschosen because this is Justsufficient
to fill the 30 m cell of the Spekker, and, also, with this volume,
the liquid level n the bubbler is bel w theL level of the water in
the therostat bath. , ,

A solution of pure rustard gas in eyelohexanol is prepared (eg 4 0.5 g in
50m) id-oubsequent dilutions frio thiils 'are mnade wiith 50/50 oyelchwano2/

absolute alcohol mixture. The stability of tustard gas in cyolahexanol has been
fcund -6 be good fca -several day, and that in the oyclohezcnmoabsolute alcohol
good tor 24. hours, -

LiU'qots for the calibratici are measured from a microburette into all glass
bubblers. diluted to 15 ml with cyclohexanol/ab solute alcohol, 2 ml of MB-3 solutict
and 2 ml of" perohlcrate buffer soluticon aded, then stirred, and the prooeftte
carried out as above,

A set of typical results, u sing the four different sizes of Spekker call
with the Spectrum yellow 606 sczems, is as foll.*s:



30 r coll iOlma Cell 5 mOCll 2.5 Cell

pg H Roading ug H Reading pg H Reading jig H Reading

.0: 0'oo 0.0 1o' o.o 0.

8.9 0,28 2648 0.23,5 '53.5 o.215 107 -02'5
17.8 0,235, 53.5, .. 043 107 0.41 9114 0.405
26.8 0.645 " '80.3 0,i'5' .16 0.595 .1 05835,7 0.8o. 5 , 107. 0'.82 214.' o.795 401 0.77:

456 .01., 134 . 2 81 0 W.7,

3.5,3 1.22 i61 . .1.1' 32 .15 5 44

Facor 4.6,5 44'5''5, 4.5.7

ivorag6 onversicn factor 45;4

Theconerdctifa~tor'is' the, amount'bty, which the- Spokkor reading, ru st, be
• iltiplied to gv6op, and f6 the 10" ki,- 5 i'and 2.5 rm cells has boon'calcIlato6
back to- the. 30 nrn. Oell depth,.

1) set of typical results using the capillary cells is given bela'e together
with a oalibration ce at the same ti ne with the a reagents b using a mre
dilute 'a olti .' of ,rImsta'd gas' and the 3 ma aells, With these reagents the
results for the 3' em cells Wor, different from thos6 quoted abovei Thi"
discrepancy brings ct the need for reoalibratin with each new batch of ragent.

Sfectrum Yellor 606 screens SpeCetn Re 608 eens - - -

rA 0e i 0.25 nm _ ell 0.25 rm coll'

igH Reading zgH Reading JgH Rai

0.0 0,08
9.5 0.245 1260 0,18 3150 0.,17

19 0.41 1520 0.365 6 00 (0.285", ' l '(0; 305

2 28.5 0.555 3780 0.535 .94.0 0.385
38 0,715 5040 0.695 - 12600 0.485
47.5 090 630 0,835 15750, 0.56
57 1,025

eoto* 60 7100 No faotcr - curve

it is~nted. tha "the oa~±d ati wm the 0.5rclls. andteyUe 0
,oiesgv , es a atd W h e04 h ylo 0

serensgivs asfaight liAke up to about 6000 iw H and the facor -in this pane -
3 o cells. (60) i.e. 60,. O 12 7200.

" "Iys, the oolczr obeys Beers law •oer the whole range of cooontratians
frora 5 to 6, 000 g H and the apprpiiaie oeli nay be used with the same factor
(ocrected for cell size) throughat,

WYith the Spetuo m Rod. 608 'sweens the oa rt± pctm te an a .zrve

so thalt a conversion factor cannot be applied and reewe rust be mad to the
curve for each result,

References 0.SR.D. 4288
P.T.P. 380
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(i) Eilyer cell 0.j 1~ 1 ivtx nifrc (:'Q th4 IMW W\

(1i) :EL-mine salutici - -L saturateolut~hxion. or Vkr aWMU 01
hydrochlux-Ic add is Ixe~pred. by nihktiand A& L#Uk t~l*%A

(iii)Dilute Irctin so~hluti f or til-trItczi -1 l of +44 wtIW M
soltinj as above, is diluted to 2M0 ml wit W~t ad (00 TA Q

H2W.and 1.5 x~1 acnc. HCI in 2 litres water), bi skltm 4~A

be prepared -Jremb2.y arxl not used if nace thm ~3 bcs o

gm~YicaL 1DxJm

The sauple is poured into the titatitn ael.4 and t1bo bblQan WfAA M
with diatilled Tvter which is added to the saxuileo Brcrdn o11WOi U M
slowl~y frcm the burette until either the mothyJ. red in 4000 loumoA Ma 'VhO
galvanomieter opot suddenly shows a wide and rapid dafootcn*

9t I



Et12YD QZ (oontid.)

(b) By titration with brardne (i951+)

IR9NOfI OF THE 1MOD

The rustard gas is titrated 'vith dilute bror.dne and the excess of dxdiae
agent at the end point is indicated.either by decoloarisation of methyl red, cr
eleotropetrialy.. Results can be obtained very rapidly.

i TU8 iJAD Xj==? Cf r eleotrctietrio method c*'lyV) -

The arrangement of oelli ,stirrer, galvanometeri and burette is exactly the
same as that already described in the potentiometric mothod for the determination
o ohloride, except that the; horting switch and resiptano betmen, the electrodes
and the galvanometer is omitted,

Electrodes: The electrode in the titration cell consists of a small piece of
platinuz foil, 4 x 4 ra, welded on to a platinum wre lead on the end of a
glass tubg in the oovntinal manner4  I little rmrcury is placed in the

glass tube o rmke cpntact between the platinum foil, and the wire l9ading o
the galvanometer, The reference half-coll consists of a piece of pure silvcr.-
rod inmorsod in O.N silver nitrate solution,

be'Once 3?roparod, the electrodes must never be allowed to becom dry, but rust
be kept inmweased in their respective cell solutions. The platinum electrode
should be cleaned and prepared, by iznrsing fcr a few minutes in boiling nitric
acid (cne.) and then washing well with distilled wateri - -It should than b .
kept imersed in dilute acid (10 - cone, H2POI, and 1&5 ml conc. HOl in 2 litres).
The silver electrode should be cleaned by poli hing vith fine emery paper.

tbr cleaning the electrodes, it is desirable, if possible, to assemble
the cell, and leave the eleotrode canccted together through the galvanometer
for several hours, Failing this, several titratins using a standard solution
of mstard gas haay have to be done before the electrodes are in a usable
ondition.

0OLLIM!IK OF TIM S&IM

The swxple is* taken at t litre per minute through two al,-glass miiature
bubblers in series, each charged with 5 ra of 500 acetic acid,

(i) Silver cell - 0.1 N silver nitrate (far the electraaetrio method only)

(ii) Boumine solution - ; saturated solution of pure bromine in 0.1 N
hydrochlorio acid is ivepared by shaking and allowing to stand.

(ii)Dilute b'omine solution f r titration - 1 ml of the saturated bromine
solution, as above, is diluted to 200 ml with dilate acid (10 ml cone.

O,,. and 105 ml cone. HO in 2 litres water). This solution should
be 1repared freshly and not used if moce than 3 hours old,

~A=YJJTIOA IXEHOO)

The sple is poured into the titratio cell, and the bubblers washed out
with distilled water which is added to the sample, Brcmne solutin is added
slowly from the burette until either the methyl red is deoolourised, or the
galvanometer spot siddenly shows a wide and rapid deflection.

-9t -



A, calibration curve shoufld1 be drawn for each newv batch of dilute b~roriine
soluionj, using a standara solution of xiistard g&8s in 50/1 acetic, acid and
titrating rieasured amocunts, There is usually a small blank cn the acoetio acid,
Typical results are:-

'g '~" 0.0 0.0.5 0.10' 0,20 0,30 O.Zj. 0.50

ni B 1r B'o~n. 0, 25' 0,55 0.85 1,50 2013 275 .3,35L

Notes

The raethod is not 'specific &Zd'any reducing 4gentlwill interfere. Tr' cuble
has,:ieen experlehoed whdn u~ing bubbl~er's with-rubber bunge, fror traces of rubb er
fro the bunga.

References' 0.S.R.D. 401
D.. (Aunat.)' 68
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SECET

(a) By chlzide, titraicnr after absorption on silica gel' ,r on 6 iroa (re I'96)

The. solid absorbent in the plastic tube gives a very convenient wby' o C.akdng
large numbers of samples, Silica gel was found satisfacr'y in England, but with
thp higher temperatures and humidities in the trorics, the gel absorbea so much
water that the slip of mustard gas through the tubes was .excessive4 - Qiarooalwas found to be more suitable for tropioa!.use) H.vever, ohacoal retains some
of* the H permanently, so that dosages of less than 50 mga,.da/6 were daoubtful and
for those above 50 a combined slip and absorptici ccrrection factor of 1.43 had
to be applied.

The gel or charcoal is extracted with potassium nitrate solution and this
extract titrated potentiometrically for chloride (see above). The method is
non-specific4

Reference P.R. 2664
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IaISWt~D G1S (Cont d.)

(a) By iod-ltinate

The nustard gas is oolleoted. in ,bubblers contaifiing 501a acetic aoid ahi
solazfich liberates iodine frciisoditui icdo- platinate, the jaline being- determined.
ooldrlzetrioally wi~th -starch,

Rleferences 19

Suffield Technical 2nte 9
1 'ICI



28. NIKLML (1950).

USE

Nickel is used as a characteri.ser .itn' r.thyl salioylate when there is a
risk of deoctpositian of an organic chifacteriser.

The sample is .rea-ted by-' a wet oxdation process, basifled wi-th am=Aa and
filtered. A suitable aliquot is. then treated With dimthylglyoime and ,the red

00LIZCTIC2 ,

drater sample These will normally consist of sand or earth.

'~Area samples. Lis cosisit bt felt 11d C r es

(i) Cone. nitric acid.

(ii) Ammonium hydroxid.

(iii) 1 imet1lg32ycxe solution in ethanol.

(iv) BramLne water.

AWALYTI01i Li1M0D

Sand samples j

A suitable weight of the sand according to the contarn~nation (e.g. f
2,5 pr, shell - ig for skimmed samples and 30 g for deep crater- samles), Is
5 ml for each 10 g of sand,, is then added arnd the mixture boiled for 3 - 5 sins,
with vigorous shaking. The mixture is then dluteA with 5 ml water, #old
made strongly alkaline with ammonia and filtered through a Buchner funnel fitted
with a Ro.1 Whatnan filter paper coated with a little "Celite"' fl 3er ald,
The filtrate is transferred to a 50 ml cylinder and with washings made up to
50 ml. A suitable aliquot portian is taken, 3 ml of 0. 880 ammr inium hydrcacide
added, diluted to 40 ml with water, and I ml of iy dimethyl glyox~e in ethanol
added with stirring. A few- drops of broczne water are then added, the volumn
made up to 50 ml with water and allwed to stand for 5 sins.

The oolaur is measured an the 'Unioam" SP.350 Spectrophotometer at a t
wave length of 520 qx (A). A similar aliquot without the addition of anr
reagents is diluted to 50 ml and its coleur measured to give the blank (B),
The weight of nickel is then calculated from the difference betaeen readIngs
A and B, by reference to the oalibration curve,

jelt Padg

The felt pad is extracted with chloroform, This should be dcge-as
soon as possible or resinifioatic of the nickel otapound may take place. The
chloroform is evapxrated off, 5 ml of nitric acid added and the mixture hated
to 10000 and then transferred to a small Kjeldahl" flask -with further washings
of hot nitric acid. The acid is evaporated domv, olphurio acid added and
the heating continued till the wd4itim is oculete. The liquid is then
coole, diluted, made ancnoLaoal and treated as above.
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Calibration Carve

0.6730 9 INi (M1.z(0) 2 ~md p~o~bo ' 2 f hs

Oo~lltion dil'utd to 100'v mlthor cbliqui6ts of' J to mloif this 'diJxto'sqpAt±ro
transferred to 50 ml measuring cylinders anid the colour devaJbpe& is abovre.

Deterrxbtion of' Nike in-oSellz

su~tt5 lie aont' f h'd in a0. ) n .ratoly wiho-into &-anl

weighinig bottle and transfe~od by pe4x4s oe chJcor i. to a 100 ml besker.
The chlorofwmr is careftily avaporatod'off, ocn6, nitri aci-d Isaddod, tho
vdxture boiled for 3 dna. , and . than diluated to 1 litre and the nickll.
determined as alreoady describod.

t ''



29* NIROI I- * ;,m

Tho,~toe mustp;da can be estlnatedby the use 'DB.
Th,6 imethod used p1viou1sly was to, Samplok t ,he v ,apour tbPOuLgh bubbler.~nt4ii. a a~difed sclutimn o,- DB-,3, .noel3:osolv? and, ethnabut 4is it &6 niideredl that a riethod- sidjaz to '-- se.frrlsadfa

; (GOabd*e)2 wc* uA.'be YaCreBia~ he ~ f, bdatingth o*± wadIX6b3jr have Ito'be' :Lcger -for BN thani for ,i .,d preis de1ia±1e wc p4to be worked cut, dpecs e

7 -1
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50. NTR0 3%,3is (0950)

The method is based on the fornation of a diazo compound by the action of
nitrts aoia t liberated from the nitrite in acid solution, with sulphailio
acid and the coupling of this ocqpand yiith anaphthylarine to give a vtblet
colour, ......

CUXTICK.

No satisfactory :abs'acbaon f.t use it bubblers exists and sapl os arc collected
in evacuated bottles to which 15 rl of "nitrite free" sodium hydroxide P aqueous
soluti is added'befc-e eva.bating. The sid6is of the bottle a±& wettedwith
his slution-before ns aa~ a -ap2Ulg,, and the botte is alo&A a TO

stand for at least 15 nih, ' before a4-yiis ifthe sampleis ,M- "an& for
4ihouws ifNO is,-expeoted' to -be1' . .(Wiith- t .in".

If samples are required from inaccessible points, a length of fairly small
bore tubing is used betveen the bottle and the sampling point, This is cleared
by taking a sufficient number of strokes with a suction pump imediately before
connecting to the evacuated bottle and taking the sample.

(i) Glacial acetic acid.

(ii) allaphthylamine - 0,25 g in iS0 ml dilute acetic acid (70 ril glacial
acetic acid + 500 ml water),

(iii) Sulphanilic acid 1.25 g in 150 ml dilute acetic acid (as above),

Solutions (ii) and (iii) should be stored separately, but can be vixed
together in equal proportions on the day of use.

METOD-

The liquid is transferred from the bottle to a graduated flask (50 ml size
if the sample is expected to be small, 100 ml otherwise), the bottle is washed
cut and the washings added to the flask. The volume is then mado up to the
mark.

In a 251ml graduated flask are plaoed 2 ml of the mixed reagent((ii) hnd
(iii) above), 25 ml glacial acetic acid. a suitable aliquot of the sample, and
water to make up to 25 rlI.

The mxture is shake allowed to stand for 20 mins., transferred to the
Spekker cell and the colour intensity measured using the green filters No,60"

GtLMLTICK

1An aqueous solution of sodium or potassium nitrite is Irepered containig
O.OO mg NO2 radical oer ml and suitable aliquots used, Separate curves should
be prepared for the 3 omo I cm, and 0. 25 cm cells.

Blank readings should be carried ocut on the "nitrite free" sodium hydroxide
used as the absorbent,

Note: Nitrogen peroxide reacts with sodium hyrcdele to give an equimoleoil.r
mixture el nitrite and nitrate.
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2 N0 2 + 2NaCK 'NN0 + NOX'03 + E2 0

Hence the weight of N02 gas Tresent initially is double the weight of nitrite
radical measured.

Tical c=70 - 3 cr cell.

SNO2 (ga) 0 0.004 0.008 0.016 0.020

Spekker Reading 0.03 0.185 0.305 0.505 0.505
(3 on, 0ell)

Note: This method aould jobably be improved - of. imalyst 1951, vol. 76, P.599.
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, SEC2ET

31. MHMIN ocNAHT~dM NMP (pre- 1946)

USE

NtPis',used as chrA~ce ih, i the estipptioi of dropletaq, ' Xt is more
soluble thpn raist dyes in'manyagents, apd; being ,a dy intere ate,.it Ls.also.
more ssitLyo _Itf 3,ohief Use-to 'datWhas been in, the,.esbsttib 'of droples1' collected on oasoa:7e Unpaotor a lides. -

The phenyl omaphthylanine is coupled with diazotised suipharnlic acid and
the colour measured, 'c ''-

OOIiwEO IONr. al. ... - -. ' .. -. , -

NAP is used mainly for samples collected en cascade impactor plates.

fl (i) Diazotised sulphanilic acid solution - 2 g ,,R sulphanilic acid
dissolved in water to which 5 ml 2 N NaCH has been added is made
up to 100' ml with water. This is cool~i in an ice bath to
belmw 500 then 6 ml ccne. HOl is added, followed by the slow
addition of a solution of 0.8 g 1R sodium nitrite in 20 ml
water with constant stirring. This solution should be stored
in a dark bottle in a cool place and should not be kept for
more than 5 days.

(ii) Dilute hydrochloric acid (I vol. cone, Ha1: I vol. water).

(iii) ,.l'oho1 (at least 9% ethanol),

(I) For heavily contaninated slides - as is usual for the first and
second slides from the impaotor.

The slide is held by the edges, conta ainated side uppermost and
several drops of alcohol from a dropping pipette allowed to fl.o- on to the
contaminated part, This is well =ixed with the aid of the tip of the pipette
and allw-ed to run off the slide thrzagh a small fume)l into a 10 ml graduated
flaak. This is repeated with several lots of a3cohol, keeping the total
volume of the washings belom 8 ml, i ml diazotised oul.hanil c acid solution,
and I ml dilate HOI solution are then added, the volume made up to 10 ml with
alcohol, well shaken and the colour measured an the Spekker using the 1 om cell
and the No.5 green filters.

(2) Yor lightly contaminated slides eg. the third and fourth slides
froi an Inpaotor, the technique is modified to give a smaller volume of soltion.

A special dropping pipette is used which has its end drawn out to a
capillary about I m in diameter and 8 or 9 ca long, The cantardnation is well
mixed with a few drops of alcohol by means of the tip of the oapillary, and is
then sucked into the pipette and transferred to a 2 " x test tube which has been
drawn oat and graduated at the 0,5.ml mark,

- 100 -
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This washing is repeated several time s, taking are that the total vOCIMx0 .08s
net oxaeed 0.3:tl To this is added 3 drops of diazotiaed ulhaniiio aoid
.solbti ta d 4 o4rop of the diluteH0I. ,The, vobUm, is.'.rda*-up to 0. 4ml.th
,alcohol~ahd nixed by imersing -the oapillary: of thd..,pipettb-and1 sldkibbftnb
air throuigh the solution, The solution is. then trasfered by aeshaof t'he
l.pette to the i cm (0,5 mI) mioro cell and the oolour reasured in b1, Spekker,

For dirty smplen it is neoessary to centrifuge the solation before f~isw~r-A
it to the Spekker cll"

The oalibration orve shculd be prepared from the actul . ' :.e
usual run m, Separate curves are inquired for each type of Spekker- w-1,

4or |

I.. . . . ... .... 1 . "
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SECRT

32. Mi0SGJM (1952)

The phosgene is hydrolysed and the chloride titrated potentio. etrIQa-ly.

Samples are taken in rihiiture bubblers ocntaining 2 ai of alalUie
hexardne solution (LV, hexzaineo 4 NaCH in water) at I I/nin,

Since the v"hole of the sample oan be titrated, greater sensitivity can
be obtained by saxpling at 10 Vrnin. through a larger volUae' of absorbing
solution in either a bead or a dimple bubbler.

EAGNTS) See chloride by potentionetrio titratian.
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33 I E0SMRU8SLS01< (P205 ) 1291)

The white cloud 3produced by burning white phosphorus has been -used as -a
corparitively innccuous tracer in r=ny trials.

The phosphorus is converted to ar moniuza phosphcmolybdate, which is then
reduced in the iresence of acid to ;give a b-3e oolarf

Saples are'taken i filters fitted with VWhatman No.1 filter paper, aspirated
at 10 or 15 2/i-.

(1) 1,25 N aulphuric acid

(11) 40% stannous chloride. 40 g SU Cl2 dissolved in 86 ml oono, HCI

and Liade up to 100 na with more conc. H01. This solution should be
kept in the dark and ahould not be stored for more than 1 month*

(iv) J, stannous chloride. i ml of the LAI solution diluted to 200 ml
with water. This solution should be freshly .ade as required and

should not be stored for more than an hour cr two.

The filter paper is p.aoed in a boiling tube, 10 ml 1,25 N H 20, added and
shaken, and the tube placed in a boiling water bath for 4 rins, contents are
then filtered into a tube graduated at 8 ml until the vome of the cool filtrate
is 8 "l, (ije. a 4/5 aliquot of the whole). The whole 8 ml is used, or a suitable
smaller aliquot ade up to 8 ml writh ncre 1,25 N H2 S04 , I ml of amonium

molybdate *-lution and I ml dilate stannous chloride soluticn are added and the
nixture shaken (Note: the teuperature should not be below 150 and the nolybdate
and stannous chloride solutions should be blovai fr~a the pipettes into the man
solution to give good and rapid mixing.) ifter standing for 5 minutes, the
colour produced is .meastwed an the Spekker using the No.1 red sareens.

Blanks should be done an uncontaminated filter paper.

GtVIB1.TI0N 0UWS

See G agents by phosphate.
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tT~~~ 34, 91LI0!IM .Df (195A)

SalicylaIdazine is used as an innocuous -teeer, partioularly in built-up
H areas,

The main method of analysis is a physicaL one, depening Cl the fluorescence
of the solid compcund. Chemical analysis is reTuirod for any samples whidh are
too heavy to be estimated physically, and als o to confirm the strength of the
samples used for the physical calibraticn curve ,

PRMNCM&I

Salicylaldazine gives a yellowi oolour in sodiun hydroxide solution, vYth
hioh the other proclcts of the smoke generat r do not interfere.

Note The method using phoqpho-tungsto-aolybd~o reagent, similar to that used
for methyl salicylate, was found to give errcrecus remilts when the sa2icylaldazine
vs put up by a smoke geanerator.*

OOLLECTICN OFTI lLE

Samples are taken at 13 c 15 litres per tin, in double cone filters using
blue-asbestos filter papers.

0.1 N sodiun hydrodde soluticn...

M3LLYTI0J I PHOD

The .paper is placed in a flat bottomed sish " C' 3" in diameter, Oovered
with 15 ml O.j N NaCK and rotated gently at intervals for 10 minutes. The
solutic is filtered and the oolcur measured in tho Spekker using the I an oellaj,

__ and the N0,7 dark bue c' ,the Spe qu violet. 6D1 -filters#

Blanks 'should be. determined 'c' "similar blue asbestos paper,

Oalibraticn o are

Tie calUbratio curve is, prepared from a ao3;xtion of sa3±cyla;&dAzne in
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iS s .. , DIO= (1953)

Sulphur adioxde has been used as a rbadily available tracer gas,

PRJIMU~ OF TIM IMM'OD

The colour produced wid!th basic f~ahsin and formalin is Measred.

0O0_LtQI ION OF T'E SATI9

11iiature bubblers charged with 5 'ml water and operated at I 3itrq,/in, are

satisfactory for sanpling tims up to 10 rmtes the olip being negligible.

The solutions are stable for at least 3 days. (For lnger peeiod samples, or if

it is desired to store the -samples fcr lcnger than.3 days, before anayaisi, it

rdght be advisable to add a little Pare glycerine to the water to retard cmidation

of the sulphur dioxide, but this has not been tested.)

6 ml conoc. sulphuric acid (S.g. 1.84 and 2 nl of an alcohoiO s lution
of basic faohsin (2) are added to 115 ril waterj fter . 5 j2inu. me I _.ml

frmalin solution is adde..

jWNAMLVIL IMHOD

3 ml of water are added to the sample, followed by I nI of reaget., the

rixture is stirred and allowed to stand for 20 minutes. The colour is then-read

a the Spekker using the I cn or the 0.25 on cells, and the, No*,5 green- sceens,

Tyipioal results:

i80 2  8 16 24. 4 48 80 120 200

Spekker" II eell 0.34 0.56 0.74. 1.11

Readinig )0.25 W oe- 0.31 0.'501 0.78-
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_IZino cadmium sulphide. is used as an innocuous smoke to investigate the' locng
distance travel of particulates. Trpoes of material fand at these distances

are estimated by solid fluorescence measurement) but for an estimation of the
"fall-out" near the source the qugintities a.e., too great t o be wmasured by this
means and a chemical method is used4

MIRNIPLH OF THE HTHOD

When excess quinaldinio acid jis added, to a Zinc soluticn, in n aoetate buffer,
zihc qi4naldinate is lrecipated. Mhe excess of qinaldinio acid. can .than b,
titrated with a standard pino solution and the end point detervibed by measuring

. the change' in the diffusiopn oath using a dropping xxarci*'y electrode. Oadmiuin
does not interfere as cadmium uinaldinate is not precipitated at the pH ofthe
buffer used.

it is not convenient to titrate zinc dire otlywith quinaldinic acid, si oe
in the presence ,of an excess cc z no the .trecipitatio i'swery slov and the
diffusion, current takes a 'long time to stabi1iae af r'.each addition of ,titrant

C0II ION OF THE ... ,i, ,, "

The samples are collected in petri-dishesi whidh are.. covered, b.efore: -traspcrb-
ation to the laboratory.

A.TARATUS -

See: figure 27_

Fordetails see P.T.P.342,

(i) Acetate buffer pH 5.2 50 ml N sodium acetate and 10 ml N HO made up
to 250 m..

(ii) 0.1 i znSO for 300)g to 3,200 pg Zn

(iii)ooi x znO o . 0ou9 to -320 g Z

(iv)O0.0025 X ZnSO for 8 )g to 80pg a

(V) 0.05 M Quinaldinip acid for 300,. 0o 3,200 ;1g ZA

(vi) 0.0025 X.! Q;Unaliilo acid for- 8 to 320 uig on

The zinc cadmium sulphiae is dissolted by heating with a little cocentrated
hydrochloric acid and if necessary a fert drops of nitric acid. It is then wasbed
from the pet--ish into a small. conidal flask 'and ~evaporated just to dryness on
a hot-plato, redissolved in distilled water and evaprated again to remove any
traces of ac. It is then diisolved in the acetate buffer and washed into the
titratio cell with more buffer, keeping the volumie as low an possible,
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An estimate of the amount of zinc likely to be ,esent is made and the
a*poriate amount of auinaldinic acid is adde ,

2 ml 0.05 U j. f 3o0y 6U 3,200 P Z,

. l 0,0025 Xfor 30.I jo * 20 :g Ed

I ml 0.0025 11 for 8 ug to 80p zZ

Tho cell is then placed in the burette stand, clean mercury" a'de'd to form aI-ool
ab 1t '" deep., the cbntact wire to this pool. the dropping mercury, electrode, the

ai stiirer tube and the burette plaed in position. The battery peviosly
caeibrated against the Weston Cell, is set 'to-apply 1.50.volts acrss the titratian
01 The backing out, resistance. is adjusted and the sen itivity coniol st .at
3 ;for the high range, 12 for the mdium range and X0 for the Idy range.

Additions of 0,05 ril of standard zinc solutic (either 0,1 IP 0,01 2I, cr
00025 2, as apprprate) 'are made-, the solution stirred after eaeh, addition byS blowing ,a little air through the stirrer tube from a blc; bulb, and the galvano-
Setr reading noted as soou "as it' has beeccne steady (this vrill take about I nm~nte
for the high or medium range and abcut 2 minutes for the low range) If the
diffusion current is Pound to increase vhen the first addition of the standark
zinc solution is made, insufficient quinaldinic acid has been added, and more of
this reagent ihould, be added, before dontiduing the titraticm.

The galvanometer readings are plotted against the volume of titrant added and -

the intersection of the two straight lines is taken as the end point.

The amount of zinc is then found by calculation e.g. for the high range:

If T is the volue of 0.1 X: Zinc used in the back titratiz,
2 nil 0.05 H- quinaldinic acid "= 2 x 0,025 ml 1.1 zinc

=0,5 ml 0-1 Id zinc

Hence: U9 Za in san le (0.5- 5 ) x o. k 6 ., X 1 ,000, M000

S654. (o.5 - )

For the medium range: TIA.'. volame of 0.01 iZn

lug Zn in sample '. 654 (0.5

For the low range: L.. voaune of 0.0025 'a a,
In this range there is a blank reading of 0.05 ml 0.0025 "I Zn, fcr
Which a correction Lust be made

)ig Zn in "le L (0.5 - B1 -)
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. The Bubbler Ch gin Lachine - ;. .

To hypcrderrio oyringes are connected by means of a f ur-w.V tap to a reservoir

-of solvent and to an cutlet, the tap being so arranged that when one syringe fills,

the other -mpties, A fixed stop with a fine scrow adjustment is 1rovided above,

each syringe -so that the plunger is stopped when the syringe has ,filled to the

correct graduation marko A considerable head is required in ucder to fill the
syringes rapidly and it has been found, -advantagecus to fix a weight to the t op of

the plunger to hasten the emptying,

* After the .air bubbles have been removed frori the system, the volume of

solvent delivery i vez acoura.te, and it has boen found that not onl.y is the

bubbler oharging, oaried cut mcre axpeditiouasly, but it is also moe accurate th t

when ,either burettes or.pipettes are used, even with ;ess skilled personnel
operating the machine.

Duplicate. machines have been constructed'v ith-2 n lyringes and with 5 ml

syringes - the two vo1utes of solvent most coL=only used in bubble.'s,

2. Bubbler &Urers (Decontainaticn Racks) F~jj

These airers are built on the clothes horse principle, but with rovs of hooks

along each side of -each horizontal ba, One rack with 5 rot-s of 10 hooks on each

side will, hold 100 bubblbr frames, i.e. 300 bubble's when using triple franes.

When using single frames, more 'than one bubbler is hung an the same book,

fter sampling, the contaminated bubblers are removed from the slotted boxes

and hung on these racks; in the open air, The racks are then carried into a

warm ventilated chaber, left overnight and taken to the analytical laboratory

next mctning.

Since using, this decontamination systera. the analytical teams have not shown

any symptoms of G agent. poisoning, but overnight airing has not always been
sufficient for bubblers wich were heavily contaminated with nustard gast

3. Bubbler Washing I achine (

A water pump is used to force distilled water from a reservoir thrcugh a
manifold into Jets, These jets are connected to the manifold by rubber bungs in

which drainage slots have been cut, thus giving a flexible onnection and permitt-

ing rapid handling without oasualities, The water overflw is collected in a
traugh.

The bubblers are rinsed in tap water and then placed over the Jets which

direct the water to the end of the bubbler, 10 bubblers are aoomodated at once.
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4,The Stem Washing Ilachine (Fig.

The capillary inlot tubes (cr sems) of the bubblers are washod in a mchine
which employs the cascade counter current principle. The staes are placed in an
eXpanded a2mnium, basket which is then placed in a ontainer in the cascade
stand* Hot water flows 'into the bottom of the first octainar, cut at *th top
at&d0int.o the bottom of the second and so =4 The bubbler solvent - cycolh'cxanol -
is lighter than water and is thus removed frn the capillaries by floataticn, as
N 11 as by the solvent aOtio of the water.

The basket of stems is placed in the lowrnst (4th). container first, then
w1en another basket of stems is ready the first. basket is, moved up to the third
container and the second basket placed in the lowest ocntainer,, et . i$ter a
f W rm~tes in the top containr the basket of stems is allomed to drain, given a
tcrcugh rinsing in distilled water and, the. stems- are then ready to drys

51 Bbbler and Stem Dryer ( . ,

An air bml~wer is used to blov. air over a heater and thn into a manifoId
where it is distributed into 50 tubes.. These aluminiiu tubes are of such a size
(11/32 inch outer diem. and 9/32 inchinne' dian.) that ether bubble rs can be
placed over then or the capillvry tubes of the stems can be placed inside, so
that the same machine can be used to dry either bubblers or stems cr a mixture of
the two. The bubblers, rest on rubber tubing which connects the tubes to the
manifold and the capillary tubes are prevented -from seating ci the top ofi-the
aluminium tubes by a dimple near the bottcc of this tube, arranged to allow sce
of the hot air to pass outside the caillary as well as to go thrcugh,
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FIG.2. MINIMiNIATUR BUBBLER-C E KN FO FL U RA -



FIG. 3. MINIATURE BUBBLER

METHOD OF CARRIAGE.

FIG.4.



FIG. 5

MINIATURE BUBBLER

FIELD NSTALLATION

;A-.

FIG .6.
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FIG. 8 DIMPLE DISC BUBBLER- METHOD OF CARRIAGE

B BLE

FIG.9. BEAD BUBBLER



FIG.10. TUBE FOR SOLID ABSORBENTS

FIG.I I. THE EVACUATED BOTTLE.



FIG.12. THE DOUBLE CONE FILTER.

FIG. 13. DOUBLE CONE FILTER WITH GLASS TUBE FOR

ISOKINETIC SAMPLING.



FIG. 14. SAMPL.ING ENVELOPE

FIG.15 TURF CUTTER
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Fig.j 9 (entral vit-xv of apparatt s

F IG. 20, POWER PACK,

FIG.21, BOTTOM VIEW FLUORIMETER.



FIG.22 KJELDAHL FLASK SHAKER FOR USE IN

ARSENIC ANALYSIS.

FIG. 23. GUTZEIT POT FOR

ARSENIC ANALYSIS.
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FIG. 27. APPARATUS FOR AMPEROMETRIC
TITRATION OF FLUORIDE.



ISOPROPANOL -N.OH SOUTION

SODA LIME .,PLACED ON A SHELF ASPIRATOR.

TUBE,

SYPHON TUBE.

0 RUN OFF.

ZOA~ AUTOMATIC PIPETTE FITTED
WITH A LARGE BORE INPUT TAP

AND A3/,ZBORE OUTPUIT TAP FOR

RAPID FILLING AND EMPTYING.

' BORE.

GLAS5S TUBE EXTENSION
Y4"MAXIMUM EXTrERNAL DIAMETER.

END FLATTENED TO INCREASE
STIRRING EFFICIENCY.

FIG. 28. AUTOMATIC PIPETTE ASSEMBLY

FOR METHYL ACEOACETATE ANALYSIS.
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FIG. 29. BUBBLER CRARGiNG MACHINE.
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FIG. 30. BUBBLER AIRER

FIG. 31. BUBBLER SHING MACHINE.



FIG.32. STEM WASHING ACHINE

FIG. 33 BUBBLER AND STEM DRYER.
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